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PEEFACB. 



Mabnetish and Electricity have become relatec 
sdencea within so short a period, and their growth bat 
been so rapid, that many important facts which have 
been observed have not yet been collected in any 
scientific treatise, and the amount of unwritten knowl- 
edge has been constantly increasing. For this reason 
it has been necessary, in preparing the following work, 
which is intended as a companion to the apparatus 
manufactured by me, to give a fnller view of these 
sciences, and more minute descriptions of the instru- 
ments and experiments designed to Illustrate them, in 
their relation to each other, than would otherwise have 
been reqahred. This Manual, therefore, will answer 
the purpose of an elementary treatise on those branch* 
es of science to which it relates, and may be used as 
a text-book. 

The aid of several gentlemen scientifically acquaint- 
ed with the subject has been obtained in deararibing 






PREFACE. 

3 various instraments, the experiments which raay 
performed with them, and the principles on which 
:y depend. The object, which has been kept in 
iw, is in all cases simply to stale the facts which 
.ve been observed, and to generalize, them only so 
- as the progress of discovery has fully aathorized. 
he theories concerning magnetism and electricity in 
eir relation to each other, which have been discussed 
the scientific journals of Europe and America, 
ust yet be regarded as hypothetical, and have been 
far as possible avoided. 

It will be found that many of the ohservationa re- 
dded here, and many of the instmrnents described, 
e new. Wood outs have been introduced, wherever, 
)m the natare of the instrument or experiment under 
•nsideration, it has been deemed advisable in order 

ensure a dear comprehension of the subject. 

Boston, Augi;st, 1843. 
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INTRODUCTORY CHAPTER. 

DEnNITIONS AND EXPLANATIONa 

I. Maghetish. The term magnetiim expresses the 
peculiar properties of attractioa,repulsion, Scc.,p083essed, 
under certain circumstances, by iron and some of its 
compounds, and in a feebler degree by the metals nickel 
and cobalt. Hammered brass is said to be sometimes 
magnetic. The science which treats of these proper- 
ties is also called magnetism. 

Electro-Magnetibm. That branch of science which 
relates to the development of magnetism bj means of a 
current of electricity, b called electro-magnetism. It 
will be treated of in chapter I, secti(Mi 3, and in chapter 
II, section 2. 

Magneto-Electricity treats of the developmwit of 
electricity by the influence of magneUsm, and will form 
the subject of chapter III, section 2. 

2. The Magnet. Any body in which the magnetic 
phenomena manifest themselves, is called a magnet. It 
may be of any form, but it must be composed in whole 
or in part of iron, nickel, or cobalt. 

Natural Magnets. Certain ores of iron are found to 
be possessed of the magnetic properties in their natural 
state. These are called natural mt^neU, or hadttonet, 
1 
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Artificiai, Magnets. Bodies of whatever ibnn or 
compositioD, in which magnetism is artificially induced, 
are called artijicial magriets. 

3. IsDtJCTioN OF Magnetish. Whenever magnetic 
properties are developed in bodies not previously pos- 
sessed of them, the process is termed the ittdvction of 
magnetitm. When this is ejected by the influence of 
a magnet, it b called magnetic induction : when by a 
current of electricity, electro-magnetic induction. 

Induction of Electricity, is whenever electricity 
is developed by the influence of other electricity in its 
neighborhood, or by the influence of magnetism. In 
order to distinguish the inductjve action of an electric 
current irom the static induction of electricity at rest, 
the former is called electro-dynamic induction. The 
development of electricity by the influence of & magnet 
is termed magTieto-electric indvction. 

4. Poles. The magnetic phenomena manifest them- 
selves principally at the two opposite extremities of the 
magnet : as may he shown with regard to the attractive 
force by ibe following experiment : 

Exp. 1. — Immerse a magnet in iron filings and then withdraw it 
A considerable quantity of the filings will be found to adhere to 
it ; beiog accumulated most abundantly nbout its ends, while few 
or none will be attached to its middle : thna proving the attractive 
force to be strongest at the extremities, and to diminish rapidly 
M the dist&nce from them increases, until it becomes entirely 
insensible at the middle pobt These extremities are called the 
pole$ of the magnet 

5. The earth itself is found to possess the properties 
of a magnet, having magnetic poles corresponding nearly 
in their direction with the poles of its diurnal rotation. 
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EXPLANATIONS 



Now if a strmgbt magnet be suspended so as to allow of 
a iree horizontal moUon, it will be found to place itself in 
a direction nearly Doith and sou^ : as will be explained 
hereafter. The end which turns towards the north Is 
called the north pole of the magnet, the other end its 
toutkpole. Hence every magnet, whatever its form, is 
said to have a north and a south pole. In the figures 
to be hereafter described, the north pole b indicated by 
the point of an arrow, and the south pole by the feather. 
The j»fc» of a galvanic battery will be described when 
treating of that instrument. 

6. Pebmanent Magnets. It is found that pure soft 
iron easily acquires magnetism when exposed to any 
magnetic influence, but immediately loses this magnetism 
when tbat induence is withdrawn. But steel, which is 
a compound of iron with a small quantity of carbon, and 
especially hardened cast-steel, though it acquires the 
magnetic properties less readily, retains them more or less 
permanenriy after they are acquired. Hence a magnet 
formed of hardened steel is called a permanent magnet. 

7. Bar Magitet. An artificial permanent magnet in 
the form of a straight bar, is called a bar magnet. 

■^' Fig.l represent? a 

small case contain- 
ing two bar mag- 
nets, with two short 
pieces of soft iron 
connecting their 
poles : these act as armatures (see ^ 9), and serve to 
preserve the power of the magnets. The magnets, when 
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not in use, should be kept packed in the case, with their 
opposite poles connected by the armatures, in the man- 
ner shown in the cut. 

CoMPouim Bar Magnet. A magnet composed of 
several straight bars joined together, side by side, with 
their similar poles In contact, for the purpose of mcreasing 
the magnetic power, is called a com^owid bar magnet. 

J%- 8- 8. Horse-shoe or U Macnet. A magnet 
which b beat into such a form as to' bring 
the two opposite poles near together, so that 
they may act simultaneously upon the same 
body, is called a horseshoe or U magnet. 

Fig. 2 represents a magnet of this descrip- 
tion. The middle of the magnet is usually 
painted, as represented in the cut. 

>£ CoHPorND Horse-shoe Magnet. 

A magnet composed of several horse- 
shoe magnets joined together, side by 
side, as in Gg. 3, for the purpose of in- 
creasing the power, is called a comr- 
pound horteshoe vuignet or magnetic 
battay. These magnets are charged 
separately, and are put together with all 
the dmllar poles in the same direction. 
9. Abbatuke. a piece of soft iron, adapted to, and 
intended to connect the poles of a magnet, is called an 
armature, or keeper. Horae-shoe magnMS are usually 
provided with an armature, counting of a straight bar 
of iron, for the. purpose of preservbg their magnetic 
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power : thb should be kept constantly applied to the 
poles of the magnet when it is not in use ; as shown in 
fig. 3, where A ia the keeper. Armatures are employed 
in ratious experimeots, and their fbims vary with the 
purposes intended. 



Fig. 4. 



10. Magnetic Needle. A 
light and slender magnet, 
mounted upon a centre of 
motion, as in 6g. 4, so as to 
allow it to traverse freely in 
certam directions, b called a 
magnetic needle. 



II. The most obvious effects exhibited by magnets are 
their power to attract iron, and their tendency, when 
freely suspended, to assume a determinate position in 
reference to the earth. For a long time these were the 
only properties which were noticed, or at least which 
received particular attention. The attractive power of 
the loadstone over small pieces of iron seems to have 
been known from the remotest antiquity ; but its poiarity 
with regard to the eartb does not appear to have been 
<^>served until the elevenUi or twelfth c:entury of the 
Christian era. 
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PRODUCTION OF ELECTRICITY. 

13. As a cuTTGDt of electricitjr is requisite in many of 
the experiments to be mentioned hereafter, it becomes 
necessary to describe the various means by which it 
may be produced. 

I. MECHANICAL OE FEICTIONAL ELECTRICITY. 

The electricity developed by the electrical machine 
is called mechanical or frictional, from the mechanical 
force or friction by which it is obtained. It possesses 
properties dlderlng much in degree from those exhibited 
by the galvanic arrangements described below, and is 
altogether less capable of producing magnetical effects. 
Mechanical electricity is also developed, though not in 
so striking a manner, by the pressure of some minerals, 
and of certain elastic substances, such as India rubber. 

13. The great deveiopmeot of electricity recently 
observed during the escape of steam from high pressure 
boilers, may also be mentioned here. This b collected 
for purposes of experiment, by plunging into the steam, 
escaping from a safety valve, a brass rod (Gg. 5) fur- 
nished with a brush of points P, at one end, to collect 
Fig.5. 

■'■ ^ ■ § *f 

the electricity, and held by means of a glass insulating 
handle attached to the other end. A length of ax or 
eight feet is found advantageous in this instnmient, to 
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convey and insulate the elecbicity, which may be con- 
veniently drawn from the lower part of the rod. In the 
out, the biass rod is represented as tenuinatiDg in a brass 
ball B, and insulated from the wooden handle H by a 
slout glass rod G. 

The electricity obtained in this way from steam b of 
lugh intensity, aSixdiag sparks of an inch ot more in 
length, and chargmg the Leyden jar so as to give strong 
sboclis. It is almost always pontwe, and is not obtained 
unless the steam is of high pressure so as to issue from the 
valve as a transparent vapor. 

U. GALVANIC OR VOLTAIC ELECTRICITY. 
14. These names are given to that form of electricity 
which is produced by chemical action. It is found, that 
when two metals are placed in connection mth some 
liquid capable of acting more powerfuUy upon one than 
upon the other, electricity of a peculiar charactw is 
developed. The metals u^ally unjdoyed aro zinc and 
copper, and the chemical agent some liqiud containing 
an acid having a power&il affinity for the zinc. The 
phrasetJogy used in describing the effect b founded upon 
the idea, that electricity is given out to the copper from 
Fig. a the zinc, through the liquid between 

tbem ; as is shown in the adjcuning 
cut, &g. 6, which represoits a vessel 
I /. of some non.«onducting substance, 
^^ as glass, partly filled with the flnid, 
and ctmtaining a zinc plate niarked 
Z, and one of copper, C. Now the supposed modem of 
the electric curraat within the vewel is fitnn Z to C ; 
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then, if a wire passiog from C b brought in contact with 
another fimn Z, as rejH'eseDted in the figure, the elec- 
tricity will pass around through the wires irom the copper 
to the zinc again. Thus the current is considered as 
passing from zinc to copper within the series, and from 
copper to zinc wiihoat it. C is therefore called the 
positive or delivering pole of the arrangement, and Z 
the negative or receiving pole. This, however, must 
not be considered as an established themy, hut only 
as the idea on which the phraseology is founded. For 
whether there is one fluid Sowing in the directicm above 
described, or two flowing in opposite directions, or no 
motion of a fluid at all, is still a matter of discuswm 
among philosophers. 

15. In order to avoid the inconvenience of having 
phraseology in use which is based upon a doubtfol 
theory, some philosophers call the two opposite extrem- 
ities of the galvanic arrangemrait eUc&odei, that is, ways 
or paths of electricity. To distiDguish the two, they 
call the copper end the anode, and the zinc end the 
cathode. The terms positive pole and negative pole 
are, however, still most frequently employed to designate 
these extremities ; and the wire without, when in con- 
nection with these poles, is spoken of as the channel of 
a positive current passing from the former to the latter. 
This language, however, as has been already remarked, 
must be con^dered as conventional, and not as an ex- 
pression of actual facts. 

16. Instead of using two metals to form the galvanic 
circuit, one metal ia difierent conditions may be used 
on the same principle; the necessary condition of this 
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current beuig only that one part of a conductCH- of elec- 
tricity shall be more corroded by some chemical agent 
than another part. Thus, if a galvaDJc pair be made of 
dte same metal, one part of which shall be softer than 
another, aa of cast and rolled zinc, eo as to be dlSerently 
corroded, or if a gi^eater amouot of surface be exposed 
to crarosion on one side than on the other, or a more 
corrosive chemical agent be used on one side, a current 
will be determined from the part most corroded through 
the liquid to the part least cOTroded, whenever the circuit 
of the polra is completed. 

17. There are two modes by which the peculiar 
powers of a galvanic arrangement, like the one previous- 
ly described, may be increased. First, by increasing 
the size of the plates used, aod secondly, by increasing 
theirDumber. 1. Theexiensionof the size of the plates. 
If the size of the plates, that is thct. extent of the surfaces 
acted upcHi by the chemical igent, ia increased, some of 
the resulting e&cts become more powerfid in the same 
ratio, while others do not. The power to develop heat 
and magnetism is increased, while the power to de- 
compose chemical compounds and to affect the animal 
system is very slightly or not at all augmented. Bat- 
teries c<Histructed in this way, of large plates, are some- 
timea called calorimotoTS, fiotn their great power of 
producing heat ; and they usually consist of from one to 
^ght pairs of plates. They are made of various forms. 
Sometimes the sheets of copper and zinc are coiled io 
concentric spirals, sometimes placed side by sidej and 
ihey may be divided into a great number of small plates, 
provided that all the zinc plates are connected together. 
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and all the copper plates together, and then, finally, that 
the experiments are perfonned in a cbannel of electrical 
communication opened between the one congeries and 
the other ; for it is immaterial whether one large surface 
be used, or many small surfaces, electrically connected 
together. The modification of electricity which such 
arrangements develop, is sud to be great in qutmtitt/. 
2. ITie extention of the number of the plaiet cotuecutiee- 
ly. That is, by connecting the copper plate of each pur 
with the zinc plate of the next pair. By this arrange- 
ment, the electricity is obliged to traverse a longer or 
shorter series of pairs ; each pair being separated from 
the adjoining ones by a stratum of imperfectly conduct- 
ing liquid. The result is, that the electricity acquires 
what b called itUentity. It has greater power to pass 
through imperfect conductors, or through intervals in the 
circuit, to give shocks to the animal system and to de- 
compose chemical compounds ; and when the number 
of consecutive pairs of plates is increased to some thou- 
sands or even hundreds, the electricity developed ap- 
proaches very near in its character to that produced by 
the electrical machine ; it manifests similar attractions 
and repnidons, and in fact the Leyden jar may be 
charged with it. These difierent modifications of elec- 
tricity are therefore spoken of as characterized by differ- 
ent degrees of intensity. That which is obtained from 
one pair of plates has a very low intensity. As the 
number of consecnuve pairs b multiplied, the intensity 
increases, until at length it approximates to that of 
Jrictional electricity, which is able to strike across a 
considerable interval of air, and to fracture solid non- 
conductors interposed in its circuit. 
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18. In consequeDce of the low intensity of the elec- 
tricity required for electro-magaetic experiments, it is 
very easy of insulation. This is a great advantage in 
regard to the practical construction of magnetic appara- 
tus. Wbeie electricity exists in a state of high intensity, 
it has a strcmg tendency to pass off and dissipate itself 
through imperfect conductors ; but where it exists only 
in great qtumtiiy, it requires nearly perfect conductors 
to allow it a passage. The electricity developed by a 
single piur of plates, however much its power may 
be increased by increasing the size of the plates, will 
scarcely pass across the smallest interval of air, and a 
wire conveying the current may be perfectly insulated 
by a covering of varnish. In working the electrical 
machine, on the other hand, the electrified partf of the 
apparatus must be kept at a distance ijx)m each other, 
raised on tall glass supports, or suspended by long silken 
lines; and then, unless the atmosphere is very dry, the 
electricity will be very rapidly dissipated. But in the 
case of currents of low intensity, however great what is 
called the quantity may be, two wires may lie side hy 
side, with a coating of varnish or wax between them, 
and convey different and opposite currents, without any 
perceptible electrical intercommunication. 

19. Now for the purposes of magnetic experiments, 
electricity of a low intensity b required ; for the power 
of the magnetical effects of a current of electricity de- 
pends upon an increase of its qvantity, mainly. Increas- 
ing the number of consecutive pairs, would only add to 
the iatenaity of the current, making it more unmanage- 
able in respect to insulation, without adding much to 
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its magnetic effects. Galranic batteries baring many 
paffs of plates, are ttCTefcre unsuitable for these experi- 
ments. The maximum magnetic eflect is produced by 
a single galranic combination, or at most by three or 
four; the condititm for the production of the eShct 
bMng the extent of Uio surface acted upon. The form 
ibund most conveaient is the following. 

20. Cylindrical Battery. This battery, a vertical 
_ fig. 7. section of which is repie- 

iW Hl-v flip ^^"^^'^ ™ ^g' '^' cmsists 

\Y of a double cylinder of 
copper, C C, with a bot- 
tom of the same metal ; 
which answers the pur- 
pose both of a galvanic 
plate and of a vessel to 



contain the chemical solution. The space between the 
two copper cylinders is the receptacle for the solution. 
There is a movable cylinder of ^c, mariced Z in the 
secUon, which is to be let down into this solution when- 
ever the battery b to be put in action. It is, Of course, 
intermediate in size, as well as in position, between the 
two copper cylinders ; and is made to rest upon the 
exterior one by means of three insulating branches of 
wood or ivory, projecting from it outwardly. Thus it 
hangs suspended in the solution, and presents its two 
opposite sur&ces to the action of the liquid, and to the 
inner and outer cylinders of copper respectively. There 
ia a binding screw cup N connected with the zinc cylin- 
der, and also one marked P, with the copper cylinder ; 
and, according to the principles heretofore explained, 
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when a communicatioii is made between these cups, the 
electricity developed by the action within the battery 
will pass from one to the other. 

21. Chemical agent. The liquid employed &x put- 
ting this batt^in action is a solution of the sulphate of 
copper (the common blue vitriol) in water. To prepare 
it, a saturated solutioD of the salt is first made, and to this 
■olntion b then added as much more water. It may be 
coDvenirat to know, that a pint of water, at the ordinary 
temperatures of the atmoaphere, is capable of dissaving 
one fourth of a pound of blue vitriol ; so that the half 
saturated siJution employed will contain about two ounces 
of the salt to the pint. The zinc is oxydised by the 
oxygen of ^e water ; the oxide combines with the acid 
of the salt, forming sulphate of ziac, which remains in so- 
lution ; while the oxide of copper, which was previously 
combined with the acid, being set free, pardy adheres 
to the surface of the zinc cylinder, or falls to the bottom 
of the solution as a black powder, and partly b reduced 
to metallic copper, which is precipitated (hi the surface 
of the copper cylinder, or falls to the bott(»n in fine 
gRuns. This reduction of the oxide to the metallic 
state takes place in the following manner. The water 
of the solution furnishes oxygen to the zincrand thus 
enables it to combine with the acid, while the hydrogen 
which is liberated, again forms water with the oxygen 
of any oxide of copper with which it may come in con- 
tact, leaving the metal free. Hence but little gas is 
g^ven off during the action of a battery charged by sul- 
phate of copper, as the hydn>gen, which usually escapes, 
is in this case mostly absorbed. The coating of oxide 
2 
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of copper should always be removed from the zinc after 
using tbe battery. For this purpose a card brush is 
provided. With this the surface of the zinc should be 
thoroughly cleansed, with the aid of plenty of water, 
whenever it has been in use. If this has been neg- 
lected, so that the zinc has become covered, in whole 
or in part, with a bard coating, it will be necessary to 
scrape or file it to obtain a clean metallic surface. The 
deposit of copper, also, which will gradually accumulate 
below, must be removed from time to time. 

22. The zinc cylinder should of course be always 
taken out of the solutimi when the battery is not in use, 
but the solution itself may remain in the battery, as it 
has no chemical action upon the copper, but tends to 
keep its surface in good condition. When the solution 
has lost its power, as it will do, of course, after a time, 
it is not best to attempt to renew its efficiency by adding 
a fresh quantity of the salt. It should be thrown away, 
and a new solution be prepared, according to the lore- 
going directions. 

23. These cylindrical batteries are made, for the pur- 
poses of magnetical experiments, of three sizes, called 
the large, small, and medium sizes. 

24. When a current of electricity is passed through 
a metallic wire in greater quantity than it can readily 
transmit, the wire becomes more or less heated ; if its 
length and thickness be proportioned to the power of 
the battery, it may readily be melted. A single pair 
of plates would be the most efficient arrangeineDt for 
producing thb eHect, were it not that an increase of 
intensity enables a greater quantity of electricity to 
traverse the wire. Hence, for igniting a great l^igth 
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of wire, a battery of a considerable number of pairs is 
necessary ; but a much thicker wire may be ignited by 
a few pairs of large size. When a very extensive series 
of small plates b used, the current acquires so high an 
intensity that its power of producing ignition is dimin- 
ished, as it become capable of traversing a pretty fine 
wire without obstruction. 

25. Metals differ very much in their power of con- 
ducting galvanic electricity. The following are several 
of the most useful metals, in tlie order of their conduct- 
ing power ; viz. silver, copper, brass, -iron, platinum. 
For conducting wires, copper is generally used ; for 
delicate connections, silver. Iron and platinum are 
used where it is an object to employ the poorest con- 
ductors, as in the following experiment. 

T-JTg . 9. — Either of the bstt«riee mentioned in §33 has sufficient 
power to ignite a. fine wire of iron or other metal, through which 
the coTTBDtis made to pass. Ttiie effect is most easily produced 
in those metale which ofier the greatest resistance not only to the 
passsge of electricitj, but also to that of heat ; hence a larger 
wire of platinum may be ignited than of perhaps any other metal, 
Bstbatis a poor conductor both of electricity and of heat A steel 
wire, when intensely heated in this way, bums with beautiful scin- 
tillationa. The shorter and finer the wire, within certain limits, 
the greater is the efiect produced. 

ng.B. 




26. 7%« Powder Cap. Fig. 8, No. 1, represents a 
little kistrument designed tasbow the hearing power of the 
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battery current. Two copper wires, W and W', wound 
with cotton thread, except at their ends, are joined by 
a short piece of fine pladnum wire P, No. 3. These wires 
pass through the bottoin of a small glass cup, C, so that 
the platinum wire lies free in its cavity. On putting a 
little gunpowder into the cup C, and then connecting W 
and W' with the poles of the battery, the platinum will 
beccKne heated, in consequence of the Bow of the cuireat 
through it, so as to inflame the powder. 

27. The Voltaic Gas Pistol, represented in fig. 9, is 
coDStnicted on the same principle as the last described in- 
Fig.&. strument. The wire W 

.^it _ A passes up through a brass 

piece which screws into 
the barrel; the wire being 
completely insulated Cx)m the brass. A sectional view 
of this part is annexed. One end of the fine platinum 
wire P is connected with W, the other with the brass 
piece. A stop-cock C is added, to insure the introduc- 
tion of a proper quantity of hydrogen. This object is 
effected in the following manner : Connect with a s^f- 
regulating reservoir of hydrogen, a leaden or other tube, 
so bent as to deliver the gas under the surface of water 
in a jar. The pistol being uncorked and the stop-cock 
open, immerse the muzzle in the jar to such a depth 
that the water may fill one quarter of the barrel. Then 
close C, and bringing the muzzle over the end of the 
tube, open the stop-cock of the reservoir. When the 
escape of bubbles shows the pistol to be full of gas, 
withdraw it, and insert the cork. In this way it will 
contain one volume of hydrogen to three of air, which 
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b the best proportion. If too much bydrogeo is in- 
troduced, no explosion will occur ; it is not, however, 
necessary to be very particular; and it will answer the 
purpose, if the pistol is held for a few moments over a 
jet of the gas. The explosion is louder and more cer- 
tain to occur, if it is filled with a mixture of oxygen and 
hydrogen, in the proportion of one volume of the former 
to two of the latter. 

38. The pistol being corked and the stop-cock closed, 
connect W with one pole of the battery and bring the 
wire from the other pole in contact with the stop-cock, 
or any part of the barrel. The circuit will now be 
completed through the platinum wire ; this will insUntly 
be ignited, setting fire to the gas, which will expel the 
cork with a loud report. The stop-cock C allows the 
mixed gases to be fired by the application of flame when 
desired. 

29. By connecting two or three batteries (^ 20) of the 
same size together consecutively, that is to say, the zmc of 
one with the copper of the other, the power of the current 
will he greatly increased. For most experiments relat- 
ing to magnetism there is no advantage in extending the 
series beyond this. Any number, however, of single 
batteries may be usefully combined, where great power 
is de^red, by dividing them into two or three sets, and 
uniting the plates of each set among themselves, copper 
with copper, and zinc with zinc ; the sets may then be 
connected consecutively. 

.• 30. Where a battery of a number of purs is wanted, 
the arrangement represented in fig. 10 is very convenient. 
The ^c plates are flat, and are enclosed in copper 
2» 
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cases, open only at top and bottom ; each zinc [dats 
beiDg ineultited finm 
the suiToundiag copper 
by slips of wood at tbe 
edges, and coDnected 
by a strip of copper 
Eoldered to it, with the 
case belonging to the 
uext pair. The whole series is firmly fixed in a wooden 
frame B ; pieces of pasteboard soaked in melted wax* 
being interposed between the adjacent copper cases. By 
means of the windlass C, the frame, with the plates, may 
be raised out of the trough A, containing the excidng 
liquid, or allowed to descend into it at pleasure. Diluted 
acid is employed for the chaise, in preference to a solu- 
tion of sulphate of copper : sulphuric acid, one part, with 
forty or fifty parts of water, is very good ; if greater pow«f 
is desired, a little nitric acid may be added. E E are 
small hand-vices, connected with the poles, for the pur- 
pose of holding wires, Stc. The battery represented in 
the cut, consisting of twenty-five pairs of plates, b able 
to ignite a considerable length of wire, to decompose 
acidulated water with rapidity, and to give a brilliant 
light with charcoal points. 

31. Fig. 11 represents a still more powerful battery. 
There are two disUnct series of fifty pairs, each connect- 
ed with two of the cups on the table above the battery. 
In this way the whole may be used as a single series of 
one hundred pairs, or as a battery of fifty pairs of double 
aze, by establishing proper connections between these 
cups. Or only half the battery may be put in action ; 
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each having a separate trough to contain the acid. The 
plates are stadonary, and the titnighs are raised up to 
them by means of two racks moved by the crank and 
handle H, which lift the platform on which the troughs 
stand : either trough may be removed from the platform 
at pleasure, when it is wished to use only half of the 
battery. 

32. In the cut, the arrangement for producbg the 
arch of flame between charcoal points is shown. Two 
pointed pieces of prepared boxwood charcoal are fixed 
in the pincers at A, and the battery being put in action, 
are brought in contact. The spark passes and tlie 
p<Hnts become ignited ; they may then be separated to 
a greater or le^ distance, in proportion to the power 
of the battery, and the current will continue to flow 
through the interval with the production of intense light 
and heat. 
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33. In the batteries described in '^ 30 and 31 in which 
the plates are fixed permanently in a frame, the solution of 
sulphate of copper cannot bp employed, on account of the 
deposit which it forms. Hence diluted acid is used ; and 
the batteries will not maintain a good action for more 
than a few minutes at a time ; in fact their highest rate of 
action only continues for a few seconds after immersion. 
The plates require to be taken out of the acid occasion- 
ally during the experiments, and exposed to the air a 
minute or two. The batteries worked by sulphate of 
copper will keep in good acdon for fifteen or thirty 
minutes at a time. 

34. When the zinc and copper plates are separated 
by a porous partition or membrane, on each side of 
which a different solution is put, so that one solution 
comes in contact with the copper, and the other with 
the zinc plate, the battery is called a auttaintng or con- 
ttant battery, because it muntiuns a nearly uniform 
power for hours and days in succession. This arrange- 
ment is very useful for many purposes, and will be more 
particularly described hereafter when we come to speak 
of experiments which require a steady and constant 
current. 

35. The wires used for conveying the electrical cur- 
rent in electro-magnetic and magneto-electric experi- 
ments are wound with cottcm thread, and someUmes, in 
addition, covered with varnish. This is sufficient for 
their perfect insulation, as the electrical current employ- 
ed is one of very low intensity. The extremities of the 
communicating wires should be kept clean and bright ; 
it is often advantageous to tin them, or cover them with 
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soft solder, when the coimecdoDs are made by means of 
mercury cups, as they then become amalgamated whea 
dipped into the mercury, and thus fonn a perfect metallic 
contact. 



III. THERMO-ELECTRICITY. 

36. The term Tkermo-ElectrKiiy expresses the de- 
velopment of electricity by tlie agency of heat. It was 
discovered by Prof. Seebeck, of Berlin, in 1822, that 
if the junction of two dissimilar metals was heated, an 
electrical current would flow from one to the other. 
Thus, if the ends of two wires, or strips of German silver 
and brass are made to touch each other, or are brazed 
together, and the juDcti<xi healed, a current will flow 
from the Gennan sUver to the brass, if the free extremi- 
ties of the wires are connected by any conductor of 
electricity, and an electrical circuit will b© established, 
as the galvanic circuit is established by connecting the 
Fig.l% 



poles of the battery. In the cut, Gg. 12, G represents 
the German silver, and B the brass ; the £rectiDn of the 
current being indicated by the arrows. 

37. In thermo-electricity, as m galvanism, instead of 
two metals, one metal, in difierent conditions, can be 
used to excite a current. Thus, merely twisting the 
middle of an iron or platinum wire, and heating it on 
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one side of the twisted ponion, wUl produce a current 
flowiug, at the heated part, from the untwisted to the 
twisted portion, whenever the extremes are coonected. 

38. A current may also he excited with two wires of 
the same metal, by heating the end of one and bringing 
it in contact with the other. It is difficult to succeed 
in this experiment when metals are used whose con- 
ducting power for heat is great. Thus copper or silver 
wires produce a very feeble current, but iron or platbum 
an energetic one, especially when the ends, which are 
brought in contact, are twisted bto a spiral. The di- 
rection of the current at the junction is from the cold to 
the hot wire ; and it ceases as soon as an equilibrium of 
temperature is established between the two. A consid- 
erable cuirent is also produced by heating the junction 
of two platinum wires of different diameters. The cuiv 
rent flows from the fine to the coarse wire, whether the 
heat is applied at the point of junction or to either wire 
at a little distance from it. In large arraQgements, plates 
or strips of dissimilar metals are generally used. 

39. The cause of the thermo-electric current, thus 
excited between two metals, is generally referred' to the 
difference in their conducting power lor heat, and to the 
difierent orders of crystallization to which iheir particles 
belong, the laws of crystallization being supposed to 
result fiwm the electrical character of the particles. 
Where the same metal in different conditions is used, 
the production of electricity is referred to the unequal 
propagation of heat on each side of the heated point, 
caused in the single wire by the obstruction occasioned 
by the twist, and in the case of two wires, by the contact 
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of tbe cold wire, or where they are connected together, 
by the difference in th^r diameters. The causes, how- 
ever, have not yet been fully investigated, and many 
points are involved in great obscurity. 

40. Metals differ greatly in their power to excite a 
current, when associated together in thermo-electric pairs. , 
Some of the peculiarities in the ccwnbinations of the more 
useful metals are given in ^43. It is necessary, however, 
to say a few words with regard to the galvanometer, an 
instrument to indicate or measure electrical currents, 
and which is more fully described in chapter I, section 2. 
A current of electricity passing through a wire or coil of 
wire, is found to deBect a magnetic needle in its neigh- 
borhood. By an arrangement, such as fig. 13, where G 
b the galvanometer, consisting of a magnetic needle in 




close proximity to a coil of wire, above which is 
fixed a graduated circle, the direction of an electrical 
current made to pass through the wire is indicated by 
the deflection of the needle from the north and south 
line, in one direction or the other, and its strength is 
measured by the number of degrees to which it is de- 
flected. The deflection of the needle will be frequently 
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alluded to hereafter. In the Sgure, a thermo-electric 
pair, of bismuth and entimony, heated by a spuit lamp, 
is shown in conaection with the galvunometer. The 
arrows indicate the course of the current from the anti- 
mony A to the bismuth B, in the exterior circuit ; its 
direction being of course the reverse of that at the junc- 
tion, where it flows fitmi B to A. -^ 

41. The character of the juncture between the plates 
or wires has an important influence on the amount of 
the current with the same metals. Frequently, when 
the elements of the pair are merely made to touch each 
other, the current is greater than when they are brazed 
or soldered together. Generally, the slighter the con- 
nec^ns are, the better. They must be sufficient to 
conduct all the electricity generated, but no more, for if 
they are unnecessarily large, they allow the electricity 
to return to the metal whence it proceeded, without ac- 
complishing the circuit. 

43. The metal boca which the current proceeds 
through the heated junction is exacdy analogous in situ- 
ation to the zinc or positive plate in the galvanic pair, 
from which the current proceeds through the liquid of the 
battery, ^ 14. The metal to which the current proceeds 
through the junction is analogous to the copper or nega- 
tive plate. The positive or delivering pole of the thermo- 
electric pair b the extremity of the negative or receiving 
metal,as the copper pole is the positive pole of the battery. 
The negative thermo-electric pole is the extremity of 
the positive metal. In the observations and table which 
follow, the positive element of the pair, answering to the 
zinc in a galvanic pab, will always be placed first. 
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43. Gernum iSt/cer and ^timat^. The curreat ex- 
ited by these is greater than that from bismuth and 
aatimoiiy at the same temperature. Their junc^ons 
bdng put into hot oil, of a fixed temperature, and the 
free ends of the plates connected with the galvanometer 
used in these experiments, the bismuth and antimony 
occasioned a e<Histant deflection of the needle of 75° ; 
the German silver and antimony, a deflection of 85° ; 
the heal being increased with the bismuth and antimony 
to the melting point of bismuth, the deflection was 82°, 
while the German silver and antimony, heated in a spirit 
lamp, gave a deflecdon of 88'^. 

BitmiUh oTid Antimony. Plates of these metals 
have been heretofore generally used ia large therm&' 
electric arrangements. The current excited by heating 
their junctions is greater than from many other metals, 
wheg a feeble heat is used ; but from the fusibility of 
bismuth, the beat can never be raised very high. The 
current flows tbroagh tbe junction from the bismuth to 
the antunony. 

44. German Silver and Carbon. A current of con- 
uderable energy was produced by this combination. In 
this and in the succeeding experiments, where the use of 
carbon is mentioned, the kind employed was the com- 
pact carbon deposited from the gas in the retorts of the 
gas works. It is nearly or quite pure, and is a better 
cmiductor, both of heat and electricity, than ordinary 

; charcoal. 

45. Gennan silver is an alloy of nickd with copper 
and zinc, the proportion of nickel being about twenty or 
twenty-five per cent. This alloy is not magnetic. Its 
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Talu« m tbai]x>-dectric combinations has only recently 
been observed. It will be used in many of the thermo- 
electric itietniments, to be heFeafter described. Geiman 
silver is posiuve to all the metals that have been tried, 
even to nickel itself; with the exception of bismuth, to 
which it is negative. 

CW&on and i^her, or L-on. In these comb^ations, 
and also with antimony, the carbon is positive, the cur- 
r«it being rather feeble. 

46. The deflections given in the following table admit 
of comparison with each oth^ to a considerable extent, 
though not so strictly as if wires of the same size bad 
been employed in all the experiments. It must be 
remembered, too, that as the needle approaches the ex- 
treme angle of deflection 90°, a much greater increase 
of die current is required to carry it a few degrees far- 
ther towards 90° thanwhen it is nearthe zero. Hence, 
a deflection of 40° does not indicate a current of half 
Hha power of one of 80°, but con^derably less. Nor 
can momentary deflections be compared with pennan^it 
ones, in estimating the power of the current ; as a current 
which by its first impulse causes the needle to traverse 
a large arc, may not be able to maintain ntore than a 
few degrees of steady deflection. 

47. The wires were not soldered together, but their 
ettds were brought in contact before the application of 
the heat, and kept so to the end of the experiment. 
With the more fiisihle metals, the greatest heat was 
employed which was consistent with their fiisibility. 
The object was to produce the greatest current that 
could easily be obtained from each combination. It 
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will be found that there b an endre difference between 
the series of positive and negative metals for thermo- 
electricity and for galvanbm. 



German Silver, 
Gonnao Silver, 

German Silver, Brssa,, 

German Silver, Iron, 

Gennan Silver,. 
German Silver,. 
German Silver,. 
German Silver,. 
German Silver,. 
German ^ver,. 

Silver^ 

Binautbr 

Bumnthr 



BiBmnthj.. . 
Bismnthj.. . 
Platinum, . 
Carbon,... 



Palladium 

Copper,, 

CadmiuiOr 

Platinum, 

Carbon 

Aatitttovy, 

AntimoDj,, 

Silvery 

Palladium, 

Carbon, 

German Silver,. . . . 

Carbon, 

Antimony, 

48. In some cases, the direction of the current is re- 
versed, ^ther hy rai^g the heat at the junction to a 
high degree, or by heatbg one metal more than the 
other. The following are instances of this kind. The 
metal of each combinauon, which is positive at low 
temperatures, is named first. Increasing the temperature 
of the negative metal generally increases the amount of 
deflection, produced by heating the junction ; while, if 
the higher heat is applied to the metal which is positive 
at moderate temperatures, a current in the opposite 
direction is established. The direction of the current 
in these combmations is, however, ofien uncertain, and 
the few experiments which have been made, affi>rd no 
explanation of the cause of the changes. 
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49. Iron and Platiimm. When heat is applied to 
the junction, or to the platinum a Httle one side of it, a 
deflection of ahout 50^ is obtained ; when to the iron 
near the junction, or when the junction itself is raised 
to a red heat, the direction of the current is immediately 
rereised, it now flowing from the platinum to the JroD, 
and the needle is deflected 60° or 10° in the opposite 
direction. 

50. Copper and L^on. With fine wires the current 
is feeble, willi large ones tolerably powerful. The de- 
flection is increased by beadng the iron near the junction. 
When the junction is raised to a red heat, the cuirent is 
reversed, and still more readily when the heat is applied 
to the copper near it. 

iSUoer and E-on. Deflection considerable. On heat- 
ing the silver, an energedc current ensues in the opposite 
direction ; also, Id a less degree, by raising the junction 
to a red beat. 

Brati and Lvn. Current moderate ; reversed at a 
red beat, and still more effectually by heating the brass. 

ZtTic and Iron. Current moderate, and on beadng 
the zinc near the junction to its melting point, changes 
its direction. 

51. Phimum and Silver. Deflection 70°. On beat- 
ing the pla^num a strong current flows in the opposite 
direction. 

Bra3t and SSver. The current is reversed at a red 
heat, or by applying the heat to the brass, near the 
junction, 

52. In quantity, the theimo-electiic current much 
resembles a feeble galvanic current. In mtentitif, it is 
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somewhat less. In a single galmiic pair, etectncity is 
set ia iDotioD in a certaio direcUon, and cannot return 
in the same path to the zinc, fiom wiiicb it proceeded, 
without passing through the fluid between the plates, 
which is a poor conductor. It is, therefore, partially, 
though -very imperfectly, insulated. In a thermo-electnc 
pair, the electricity is set in motion irom one of the metals 
to the other, through the metallic junction. Here there 
is no insulation. The current flows through a perfect 
ctHiductof, and can only be the excess of the force which 
sets the electricity in motion over its constant efiort to 
return to equihbrium. It b probably for this reason 
that the intensity of thermo-electricity is less than th&t 
of galvanism. 

Gzr. Sl — A Biliglfl gdTanic and thenno-filectnc pur wpro t^lten, 
each of which deflected the needle 75*, pernuuieiitJy. The gal- 
vanic corrent me then made to flow throug'h a hundred feet of 
fine Bteel wire 1-150 of an inch in diameter. From the poor 
conduction of th« wire, the Deedle was onlj deflected 60*. By 
ezperinient it waa found that the thermo-electric current deflect- 
ed the needle 60*, when it was piased through onlj fouiteen feet 
of the wire. As the conducting power of a wire ia in proportion 
to the intensity of the current, some eatiniate may therefbre be 
made of the relative intenaity of the two currenta by the reapective 
numbera 100 and 14. 

53. In soldeiing the wires or plates together, they 
are not usually connected in a straight line, but at an 
acute angle with each other. If several of these single 
piurs be associated together consecutively, that is, by 
connecting the German silver of the one to the brass of 
the next, or the bismuth of one to the antimony of the 
next, and so on, we have a thermo-electric battery, in 
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which the powers of thermo-electricity are much exalted. 
It will be understood that m these cases there is German 
silver and brass alternately, or bismuth and antimony 
alternately, fcc, throughout the whole series. For the 
sake of compactness, the wires or plates are laid side by 
side, and soldered by their alternate ends, while they 
are insulated or separated from each other by paper or 
pasteboard, which prevents all passage of electricity 
from one to the other. 

Fig. li. 



54. Ilg. 14 represents a series, consisting of eleven 
purs of German silver and brass wire, arranged in 
two rows, one behind the other. When several pairs 
are connected in this manner, it is necessary that the 
junctions should be somewhat larger than in the case 
of a fungle pair. Then, the slighter the junction the 
better ; but as the current has to Sow through all the 
junctions in a series of pairs, the electricity generated 
would scarcely be conducted through them at all, were 
they all imperfect. By hea^g the juncrions of the 
wires on one side of the series with a spirit lamp, a cur- 
rent is produced which increases or diminishes as the heat 
Is applied, depending altogether for its existence on the 
difference of temperature in the opposite junctions of 
the wires. By grasping the junctions on one side in the 



i:,(.;001^k' 



PBOUIJCTIOH or ELSCTBICITT. 31 

fingeis, even the vaimth of the hand produces a sensible 
effect. It is evident that, if the junctions on both aides 
of the series were heated, currents would be produced 
in opposite directions, which would neutralize each 
other. 

55. Fig. 15 'represents a battery, consisting of sixty 

pturs of bismuth and anUmony plates, each three inches 

Fig.iS. 



long, three-fourths of an inch broad, and one-iburth of an 
inch thick. They are arranged side by side, in an ex- 
terior case, so that one series of junctions underneath 
the battery raay be heated by the radiation of a hot iron 
plate, I, shown separately in the cut, while the opposite 
junctions seen at A are kept cool by water or ice placed 
in the receiver, which forms the upper part of the battery. 
A still greater depression of temperature is produced by 
a misture of snow or pounded ice with half its weight of 
common salt. In order to make a water-tight receiver, 
the plates are cemented into the case with plaster. 
Refrigeration at one end of the pairs, as would be 
anticipated, is found to produce a current in the same 
direction, and equal to that which would be produced 
by a similar excess of heat at the other end ; diSerence 
of heat at the different ends, however produced, being 
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the occasion of the ciureat. By associating both of 
these causes in this battery, there is a correspondrng 
increase of power. As the metala employed in thQ 
battery are fucuble, the radiaat' heat of the iron ou^t 
never to exceed 300° Fahrenheit. The iron plate 
being lud upon a large tile, the battery is placed over 
it, the iron being pretty near the ends of the bars, but 
not in contact with them. 

56. The terminal plates of the battery are conitectad 
with two binding screw cups, passing through the exte- 
rior case. In the cut, the battery is seen in connection 
with an apparatus to be described in chapter II, sect 3, 
by which the magnetJaing power of the current is shown. 
The ends of the coil of insulated wire C being fixed in 
the cups, the current b obliged to traverse the coil, and 
the two semicircular armatures <^ iron seen at D, are 
held together by the magnetism thus induced, with so 
much force as to require a weight of forty or fifty pounds 
to separate them. This battery has sufficient power to 
give shocks and spaiks, and produce various magnetic 
phenomena, with the appropriate apparatus, which will 
be described hereafter, when the principles on which 
those efiects depend have been explained. 

57. A thermo-electric battery of consid«*able energy 
can also be constructed of strips of German silver and 
brass. It will bear contact with red hot iron, and is 
very compact. This has not yet been fully brought to 
perfection ; so that a comparison cannot be instituted 
here between its powers and those of the bismuth and 
antimony battery described ijj sect. 55. 

58. By forming a bundle or small battery, consisting 
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of many pairs of wires, the slightest increase of heat at 
one end produces a sensible current of electricity. This 
fonns an instrument for measuiing heat far more delicate 
than any other which has heen contrived. It has been 
used in ascertaining the temperature of insects, and of 
various parts of the animal system. 

59. In thermo-electricity, an electrical current is pro- 
duced by heating unequally the opposite ends of metallic 
plates, associated in a thenno-electric series. The con- 
verse of this is found true. If a galvanic current b 
made to pass through the same series, the opposite 
juDCtions will acquire heat on the one wde and lose it 
on the other. 

60. Fig. 16 represents an instrument for showing 
the simultaneous production of heat and cold by the 

galvanic current. It 
consists of three bare, 
two of bismuth and one 
of antimony, arranged 
I as seen in the figure) 
} where the antimony is 
^^^^^^^^^^^^^^^^^\ shown at A, and the 
^^^^^^^^^^^^^^s» two bars of bismuth at 
B B', the bars being soldered together under the bulbs 
of two air thermometers, T and T'; a little cavity being 
made to receive the bulb of each thermometer ; a drop 
of water is put in each cavity, in order to facilitate the 
conduction of heat from the metals to the thermometers. 
The galvanic current being sent through the metals, in 
the direction indicated by the arrows, from the bismuth 
B*, through the antimony, to the other bar of bismuth, 
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and thence back to the battery, at the junctioo of A 
with B', cold is produced, as will be indicated by the 
theimometet T', and beat at the junctiwi between A 
and B, as the thesmometer T will show ; by reversing 
the direction of the battery current, the effect on the two 
thennometers will be revised. The ejevaticn of tem- 
perature produced is always greater than the depression ; 
this (Merence is probably due to the low coaducting 
power of the metals fm electricity, which causes tfaean 
to become slightly heated by the current, a pheD<Hne- 
noQ altogether distinct fiom the heatmg of the junction 
by it. It will be observed in the figure that the cunent 
has the same direction aa that which would be produced, 
were the battery removed, by the apjJication of heat at 
the jimctioQ of A with B', or of cold to that between B 
and A ; the current which produces beat flowing in the 
opposite direction to the current which would be pro- 
duced by it. 

IT. ANIMAL ELECTHICITY. 
61. The torpedo, on the shtMres of Europe, tb« gym- 
notus, or electrical eel, inhabiring the fresh waters of 
South America, and the siluius electricus, tiring in ^ 
rirera of Africa, have been celebrated for thrar powers 
of producing electricity. As it appears to be depeodent 
on will, although associated with certain organs, it has 
received the name of anaaal ekctrid^. It possesses 
considerable intensity, and is capable, to a certain ex- 
tent, of producing all the magnetic phenomena. The 
production of electricity by animal life, has been occa- 
sionally nodced under Qther circumstances. 
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DIRECTITE TENDENCY OF THE MAGNET. 



I. IN REFERENCE TO ANOTHER HAONET. 



62. Attbactions and REPm,EioNs. — The effects 
pToduced hj the opposite poles of a magnet, though in 
some respects ^milar, are in others cootraiy to each 
other ; the one attracting what the other repeb. Poles 
of different magnets, of the same name, that is, hoth 
north or both south, are ibund to repel, while those of 
an opposite name attract each other. 

Ekt. 4. — ^Let N. B. (fig. 17,] be a majrnetic nee^e poiud upon 
Fig. 17. a pivot Let N be tbe north sod 

^ .P' Ml 8 the Boath pola. Thenbriognear 



fj'^^y f ■ tmM to its nonk pole the north pola of 
the bar magnet H. The north 
pole of the needle will be tepelXeS, 
cansing the needle, to anume the 
poeitionrr. Tfnow the magnet M 
is rerened, so that its south pole 
1 ia made to apptoBch the nnth pole 

of the needle, the ham wfll be 
J^^ attracted, and the needle will be 

^^^^ drawn to the position a a. The 

■onth pole of the needle, on the contrary, would be atlro4ied by 
the north pde of 9(, and rgKlIed by its sooth pole. 
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63. The intensity of the attraction or repulskui exerted 
betveen two magnetic poles, varies in the inverse ratio 
of the square of their distance ; that is, if the distance of 
the poles is doubled, the force with which they attract or 
repel each other is reduced to one quarter of its previous 
amount ; if their distance is trebled, to one ninth ; and 
so on. 

64. These attractions and repulsions are not af- 
fected by the interposition of glass or metal, or any 
subetance whatever between the two magnets ; unless 
the interposed body is itself susceptible of magnetism. 

65. Whenever a piece of iron, as B (Gg. 18) b 
brought near to one of the poles of a magnet, M, the iron 

■f%- 1& becomes mag- 

netized by in- 
duction,aswill 

be explained hereafter, chapter II, sect. 1 ; and the ex- 
tremity nearest to tiie pole acquires' an opposite polarity 
to that of the pole, while the end farthest off acquires the 
same polarity. Thus, in the figure, the point of (he 
arrow indicates the north pole of the magnet, and the 
extremity S of the iron bar will acquire a south polarity. 
It follows from tiiis, that it is only that part of a frag- 
ment of iron nearest to the pole of a magnet, which can 
be attracted by that pole, while the part most distant 
must be repelled. If the fragment of iron has any con- 
siderable length in proportion to its breadth, the end 
which is repelled will be at such a distance from the 
inSuence of the magnet that its repulsion will be over- 
powered by the attraction of the extremity which is near 
it. If, however, the fragment b very short, so that the 
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repelled pole is brought very near to the magnet, the 
repul^on will be proportionally stronger, and the attrac- 
liou wU) he neutralized to a considerable extent ; and, 
finally, if the fragment of iron is made of such a form as 
to bring the two opposite poles as near together as pos- 
sible, so as to expose them both nearly equally to the, 
influence of the pole of the magnet, the attraction will 
become scarcely perceptible. This may be shown very 
satisfactorily in the following manner. 

Exp. 5. — Ijet U (fi^. 19) be the south pole of a bar or borae- 
sboe magnet, and A a piece of sheet iron, Bomewhat amsller 



Fig.m 




than the end of the magneL When this 
1 plate is placed in the position repre- 
sented in the upper figure, the surface next 
.■ the pole of the magnet will acquire north 
polarity, while the opposite surface will 
/ become south; and the iron bein£ thin, the 
two surfaces are both so near to the pole of 
/ the magnet that one is repelled nearlj as 
much as the other is attracted. The thin 
plate will he found to adhere to the pole 
with a very slight force, and wiU tend to 
slip down into the position represented in 
the lower figure. In this position it will ba much more strongly 
attracted ; for the two opposite atds, imtead of the two opposite 
awfacet, will become the poles; and tko end in contact will be at- 
tracted, and the rernote end will be repelled. The same effect 
will be produced if the plate is applied to tbe pole rf the magnet 
by its edge, instead of by one of its surfaces ; by this means the 
repelled pole of the plate is removed to a distance from tiie mag- 
net, leaving the latter to attract the other pole, with a less inter- 
ference from the couateraction which operated in the former case. 
66. Magnetic Tots. Various magnetical toys are 
constructed to exhibit the effects of the attractions and 
repulsions, described in ^ 62 such as swans, ships, fishes, 



i:,(.;OOl^k ' 



3d DANIHL DATIB, J B. S MANUAL. 

and other figures, with magnets concealed within them, 
and intended to Scat upon the water. When thus 
floaung, they may be attracted or repelled over the 
surface of the water at pleasure by means of another 
magnet held in the hand. 

67. Floatinq Needle. A very fine and perfectly 
dry sewing-needle, being previously magnetized and 
then laid carefully upon the surface of water, will float, 
and being thus at liberty to move freely in any direction, 
may he cdnvenieaidy used to show the ahov&nlescrihed 
attractions and repulsions. A larger needle will answer 
equally well, if passed through a small piece of cork, 
that it may float. 

63. Rolling Abhature. Thb apparatus ccwsists 
of a compound horse-shoe magnet and an armature con- 
sistmg of an iron wire whose length is a little greater than 
Fig. SO. 



the breadth of the magnet, so that when applied to it 
the extremities may project a little beyond it& sides. To 
each of these extrenuties a small fly-wheel is attached. 
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This armature is then placed across the magnet, at 
some distance froiD the poles, as seen at A, and the 
magnet is held in such a position, with the poles down- 
ward, that the armature may roll towards them. When 
it reaches the poles, the magnetic attraction for the iron 
axis wilt prevent its falling oS, while the momentum 
acquired by the 6y-wheels will carry it forward and roll 
it some distance up the under side of the magnet to B in 
the figure ; and by varying the inclination of th& magnet 
N S, the annatmw may he made to roll from A to B, 
and frcHu B to A, at pleasure. 

69. It results liom what was said in ^ 65, that the 
action of a magnet upon a mass of iron is not ^mply 
an attraction or a repulsion of it as a mass, cau^g 
it merely to approach or to recede ; but that there is a 
complicated reci|m)cal action between the poles of the 
magnet and those which the mass of iron has assumed. 

£iF. 6. — Let M(fig.21) be a magnet, the position of the north 
pole bejuog indicated by the arrow. Now if the Bmall bar of iron 
S N, Buspended bj a tbread, ia pieced in the position marked 1, 
it becomes magnetized by induction from the fixed magnet, so 
Fig. 21. that the extremity 8 will be 

attracted by the north pole 
of the magnet, and the ex- 
tremity N will be repelled 
by it,Ba has already been ex- 
plained. Both these forces 
will conspire to retun the 
1 body to the direction rep- 
resented in the drawing; 
while the influence of the remote extremity of the magnet M, 
will be insensible. Now if the bar S N is removed to the position 
marked 3, the north pole of the magnet will attract the south pole 
of the bar, and will repel the north pole, as before ; but then, on 
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account of the inclined position of the bar, the attnictive force 
between the south extremity of the magnet and the north ex- 
tremity of the bar will come into action ; bo that the north pole of 
the bar will be drawn towards the south pole of the magnet, and 
the bar will be deflected aomewhat from the pontion which it 
would otherwise have assumed. This tendeocy of the bai to 
place itself in a certain determinate direction, in reference to the 
other magnet to whose inQuence it is exposed, is called its direc- 
liw tertdtmy. 

70. This effect of the remote pohe of the magnet in 
giving direction to the bar, will be quite decided when 
the suspended bar is carried still farther from the north 

Fig. 23. pole: for examplej near- 

ly opposite the centre of 
-^ the magnet, as in Gg. 23, 
where M represents the 

f ^ — 1 magnet as before. Now 

^^^[[^^^~^~^^^J in thb case, if the sus- 
M petided bar were acted 

upon solely by the north pole of the magnet, it would 
assume the position A B ; for the pole S being attracted, 
and the pole N repelled, the bar would place itself in a 
line directed towards the north pole of the magnet. .But 
instead of this, the bar is in such a position that the 
south pole of the magnet acts powerfully upon it also ; and 
if the magnetic forces of the two poles of the magnet are 
of equal intensity, the south pole will act upon the end 
marked IV, as strongly as the north pole acts upon S ; 
and the suspended bar will assume the posiuon marked 
N S, that is, parallel to the magnet, 

71. The directions thus assumed by an iron rod 
brought near a magnet depend upon the mucli greater 
facility with which the bar receives polarity in the direc- 
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rion of its Iraigth than transTersely. Tbu9 if the bar is 
placed on one side of the magnet, at right angles to it, 
and opposite its middle, it would remain in this positioo 
instead of turning itself parallel to the magnet, were it 
not for the difficulty of developing the two polarities on 
its opposite sides. 

73. A steel magnet does not experience that change 
in the distribution of its polarity, by altering its position 
with regard to the fixed magnet, which the iron bar does. 
Hence the experiments above described are better per- 
formed with a magnetic needle, whkh may be suspended 
by a thread, or, which is better, supported by a pivot, 
and thus held in various positions near to a bar magnet. 
The needle being a permanent magnet, and having been 
powerfully magnerized by the process to which it has 
been subjected in the manufacture, the action of its 
poles will be more draiided than that of the poles of a 
bar of inm magnetized only by temporary induction. 
Fig. 23. 



By passing such a needle carefiilly around a bar maginet 
it will be found that it will assume positions in relation 
to it, as represented in the above cut, fig. U3. 

73. These effects, produced by the combined attrac- 

4* 
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tions and repulsions of the magnetical poles, may be 

also rendered sensible in a very ^Usfactoiy manner by 

the following experiment. 

ExF. 7. — Spread a thin covering of iron filings or femiginoua 

ISg. 241 sand over a sheet of pap«r, and 

place a powerful hone-shoe 

inagnet vertically beneath it, 

^ with the pole* very near to the 

^ paper. The dotted lines in the 

- cut (fig. 24] show the arrange- 

V nent which the particles of 

'' iron will assume. Each one 

becomes a magnet with its two 

poles, and connects itself with those adjoining it so as to form 

curved lines of a pecaliar character. This experiment may be 

performed in a still more satisfactory manner, by supporting the 

paper, with the ma^et in contact with its under surface, and 

then showering down iron sand or iron filings from a sand-box 

held some inches above. The particles of iron, as they strike 

the paper can thns more readily assume the positiana to which 

they tend under the magnetic influence. 

74. The lines formed by the filings afford a good ex- 
perimental illustration of what are called magnttic curves, 
that is, the curves into which an infinite number of vety 
mmute magnetic needles suspended freely would arrange 
themselves, if placed in all possible positions about a 
magnet. When the particles are very small, the attrac- 
tive force exerted upon them by the magnet, being the 
difierence of its action upon the two poles of each 
particle, is exceedingly slight ; while the directive force 
is very considerable. The direction assumed by each 
particle, and consequently the form of the magnetic 
curve, connecting any point on one half of the magnet, 
with the corresponding point of the other half, is de- 
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ducible on strict malhematical principles from the laws 
of magnetic attraction and repulsion. The curvature of 
the tines is due to the combined action of the two poles 
of the magnet. If only one pole acted on the minute 
particles, they would arrange themselves in straight lines, 
diverging in all directions from the pole, like radii from 
the centre of a sphere. This may he parUally shown 
by placing a bar magnet perpendicularly under the paper 
which is strewed with filings, with its upper pole close 
to the sheet. 

U. IN REFERENCE TO A CURRENT OF ELECTRICITY. 

75. It was discovered by Prof. CElrsted, of Copenha- 
gen, in the year 1819, that a magnet, freely suspended, 
tends to assume a position at right angles to the direction 
of a current of electricity passing near it. This may be 
made manifest as follows. . . 

Exp. 8. — Let N S, fig. 25, be a magnatic needle poised upon 

a piTOt BO as to allow of a free horizontal motion, and W R a 

Fig- 35L wire pMsing directly over and 

__j» parallel to it Of course, the 

direction of tiie wire tQnst be 

north and south, as the needle 

will necesaarily aasame that 

direction, on account of the 

influence of thp earth. If now 

the extremiiies of the wire are 

put in connection with the 

poles of a galvanic battery, in 

such a manner a^ to cause a. 

current of electricity to pass 

throQgh it, the needle N S will 

be deflected and will turn towards the position a 6 or c i^ according 

to lie diiaction of the current of positive electricity, whether from 
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WtoR,orfromRtoW. If the wire b« placed in the sune direc- 
tion below the needle, the deflectiona will be tbe revene of thoae 
produced bylheBame current when flowing above. If the poeidve . 
current ia paseing from south to north in the wire, as shown b^ 
the arrow in the cut, the north pots of the needle wilt turn to the 
weil^ if it be below the wire ; and to the eaat if above it.] 

76. In these cases the noedle will not be deflected so 
far as to assume a position really at right angles vitfa 
the wire, on account of the influence of the earth, which 
still acts upoD the magnet, and tends to draw it back to 
its original position. It will accordingly come to rest 
in a state of eqiulibrium between the ibrces, in a direc- 
tioD intermediate between a line at right angles to the 
wire and that of the needle when controlled by the 
magnetism of thd earth alone. 

77. TTie same experiment may be performed wth 
the dipping needle, the wu^ being placed parallel with 
the needle. By thus varying the posldons of the wire 
and the needle, it will he found that in all cases the 
needle tends to place itself at right angles with the wire, 
and to turn its north pole in a determinate direction 
with regard to the wire. 

78. The action of a conducting wu:e upon a magnet 
exhibits in one respect a remarkable peculiarity. All 
other known forces exerted between two points, act in 
the direction of a line joining these points ; such is the 
case with the electric and magnetic actions separately 
considered. But the electric current exerts its magnetic 
influence laterally, at right angles to its own course. 
Nor does the magnetic pole move either directiy towards 

• or directly from the conducting wire, but tends to revolve 
around it without changing its distance. Hence the force 
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must be considered as actiog in the directloD of a tangent 
to the circle in which the magnetic pole would move. 
It b true, that in manj positions of the magnet with 
regard to the wire, apparent attractions and repulsions 
occur ; but they are all referable to a force acting tan- 
gentially upon the magnetic poles, and in a plane per- 
pendicular to the direction of tbacurrent. This peculiar 
action may be better understood by means of a figure. 

79. Thus, let p n (fig. 26) be a wire, placed in a 
vertical position, and conveying a current downwards 
(p being connected with the positive pole of the battery). 
Fig. 2a Now suppose the north pole of 

^ I y a magnet N to be brought near 

y the wire, abd to be perpen- 

dicular to any pobt C. If free 
^ — H*~---s„ ^ move, the pole will revolve 
^ c jyUaround C as a centre in the di- 

^- ^ ^ _____>*r*^rectioo indicated by the arrows 
in the cut ; that is, in the same 
direction as the hands of a 
U V watch, when its face is upwards. 

* T The plane of the circle which 

the pole describes is horizontal. On causing the current 
to ascend in the wire, the pole will rotate in the opposite 
direction. If the wire be placed in a horizontal position, 
the plane in which the pole revolves will, of course, be 
vertical. The actions of either a descending or an as- 
cending current upon the south pole are exactly the 
reverse of those exerted on the north pole. If the wire 
b movable and the magnet fixed, the former will revolve 
around the latter in a similar manner, and in the same 
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directioDS. Thus, a wire coDreying a descending current 
tends to rotate round the north pole of a inagnet, in the 
direcUOD of the hands of a watch. In the experiment 
given in ^ 75, no revolutioD occurs, because the curreat, 
acting at once on both poles, tends to give them motion 
in opposite directiona ; so that the magnet comes to rest 
in a position of equilibrium between these two forces, 
across the wire. It will be shown hereafter (chap. II, 
sect. 3) thftt, by confining the action to one pole, a con- 
tinued rotation is produced. 

80. The following apparatus illustrates the directive 
tendency of the magnet in respect to a current of 
electricity. 

Magnetic Needle, balf brass. In this instrument 
the steel needle b wholly upon one side of the point of 
support, and is counterptnsed by a brass weight on the 
other ^ide. By this arrangement the action of a curreat 
upon the pole which is situated at the centre of motion 
can have no influence in turning the magnet in any 
particular direction ; and its motion will be determined 
solely by the acti(Hi upon the othe« pole ; no rotation, 
however, can be obtained. The object of the instru- 
ment is to show the iftrecttce tendenci/ of a tingle pole 
with reference to the electrical current. 

81. Astatic Needle. A needle so contrived that 
its directive tendency in respect to the earth is neutral- 
ized, so that it shall remain at rest in any position, is 
called an astatic needle. It is constructed as represented 
in the following cut, fig. 27, consisting essentially of two 
needles, one above tbe other, placed in positions the 
reverse of each other in respect to their poles. Such a 
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system will of course not be a&cted by the magnetic 
inSueoce of the earth, as wbaterer forces may be 
J%.27. exerted upon the upper oeedle, 

=»* will be counteracted by equal 
s»D forces exerted in reverse direc- 
Voaa upon the lower. It would 
be the same, indeed, with the 
influence exerted by the current 
of electricity, if the wire were 
to be placed in such a position 
as to act equally on both needles. 
But by placing the wire parallel 
to and above the upper needle, the influence of the wire 
will be, of course, far more powerful upon the upper 
than upon the lower one, and the action of terrestrial 
magnetism being neutralized, the needle will assume a 
poaitioa at right angles with the conducting wire. If the 
wire be placed as nearly as possible between the needles 
and parallel to them, the influence of the upper side of 
the wire will deflect the upper needle in the same direc- 
tion as the lower needle will be deflected by the action of 
the lower side of the wire, causing a more powerful eflect. 
Fig, as. 82. Fig. 28 represents another 

-^ astatic needle, similar to the above, 
but consisting of two horse-shoe or 
U magnets united at the bend, so 
as to have their opposite poles in 
the same line, and delicately sup- 
ported upon an agate cup. These 
needles need not be perfectly astatic, 
nor is it easy to make them so. 
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83. If the wire transmitung the electrical current, after 
passing over the needle, is bent and returned under it, as 




pole of the battery, and B with the negative), the ia- 
fluence of the one part of the wire would neutralize that 
of the other, for it has already been stated that the 
needle is deflected to one side or the other according to 
the direction of the electrical current. And this would 
in fact be the case, if the returning part of the wire were 
upon the same side of the needle with the other part, 
and at an equal distance from it. But a wire transmit- 
ting an electrical current, when passing below the needle, 
will produce an eSect the reverse of that produced hy 
one passing aiove, if the current in both cases flows in 
the same direction. And of course it follows, that if the 
direction of the electric current b reversed in the wire 
which passes below, it will exert a force auxiliary, and 
not antagonist, to that of the wire passing above. This 
is the case with the arrangement here represented. 
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The electric current flows, it b tiue, in a contnuy direc- 
tion, below the needle, but then it is on the opposite side 
of it, and therefore the effect produced hy the lower 
porUoD of the wire will conspire with that of the upper 
part. It should be stated, that the two portions of the 
wire are not allowed to touch each other where they 
cross, but are insulated at that point hy some non- 
conductor of electricity, as by bdng wound with thread. 

84. The vertical portions ,of the wire also aid in 
d^ecting the needle ; as may be shown hy connecting 
both the cups B and C with one pole of the battery by 
two wires of equal length and thickness, and the cup A 
with the other pole (say the posiuve). The current 
will then be divided into two portions very nearly equal, 
both flowing in the same direction and at the same dis- 
tance from the magnet M, but one below and the other 
above it. Now if the horizontal portions of the wire 
alone acted on the needle, it would remain unaiected; 
but it will be found to be deflected to a conaderable 
extent by the current which is descending in the-vertical 
portion of the wire near A, and ascending in that below 
B, as these conspire in their influence. 

85. The Gait4j«}scope oa Galvanometer. In- 
struments of a variety of forms are constructed on the 
above principles, and are called gahanotcopes or gaU 
vanometerf, as they serve to indicate the presence of a 
current of electricity and in some degree to measure its 
quantity. If the wire is carried many times around the 
needle, as in fig. 30, the power of the instrument is much 
increased, as each turn of the wire adds its influence ; 
provided the wire is not so long or of so small a size as 
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to be unable to convey the whole of the current. The 
iostrument thus becomes a delicate teat of the presence 
of a current of electricity. The coil of wire b supported 
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OB a tripod stand, with leveling screws ; the ends C and 
D of the wires b^og connected with the binding screw 
cups A and B. 

86. Upbioht Galvanometer. 
In Uiis mstrument, represented in 
fig. 31, both the coil of wire and the 
needle are placed in a vertical po- 
sition, the north pole being made a 
little heavier, in order to keep the 
magnet perpendicular. When a cur- 
rent is passed through the coA, the 
deflection b towards a horizontal po- 
sition. The needle b made of large 
size, for the purpose of exhibiting 
the deflections before an audience. ' 
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87. Galtanoheter with Astatic Nbedle. This 
iastniment is similar in construction to the preceding, 
except that the needle is nearly astatic. The slight 
degree of directive tendency which is allowed to remain 
becomes the measure of the force of the electric current, 
as the angle of deflection from the north and south line 
shows bow far thb resistance is overcome. This instru- 
inent may be made so extremely delicate in its indica- 
tions, that if two fine wires, one of copper and one of 
zinc, are connected with it, and their ends immersed in 
diluted acid, or even placed in the mouth, it will be very 
perceptibly afiected. Before proceeding to experiment 
with any galvanometer, it should be so placed that tho 
direction of the coil may coincide with that of the needle, 
as this is the position of greatest sensiblliiy. 

88. The galvanometer is a measurer of what is called 
the quantity of electricity, but takes no cognizance of 
itUemity. Mechanical electricity which possesses great 
intensity and but little quantity, very slightly deflects the 
needle of the galvanometer. > The current from one gal- 
vanic pair influences the needle powerfully, the quantity 
being very great, and the intensity small. If a hundred 
pairs be connected together in a single series, the inten- 
sity is increased a hundred fold, hut the quantity remains 
the same, and the needle is but little more deflected than 
by one pair. The reason that there is any difference in 
this respect is, that when the electricity is of high ten- 
sion, the wire of the galvanometer obstructs the current 
less, and more actually passes through it. In thermo- 
electricity, with a single pair, the intensity is less in 
proportion to the quantity than with a single galvanic 
pan;, and the current is strongly indicated by the galva- 
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Dometer. The amount of decomposing power in a 
current of electricity b always exactly as its quantity. 
The galvanometer indicates thewfore the electro- 
magnetic and die decomposing capacity of a current of 
electricity. An intense electrical current decomposes 
more easily than one of little intensity, but the amount 
of matter decomposed is proportional merely to the 
quantity of the current. Besides the galvanometers in 
which a magnetic needle is used, the gold-leaf galrano- 
scope, an instrument possessing great delicacy in its 
indications, will he descrihed hereafter. 

m. IN REFERENCE TO THE EARTH. 
89. The exact period of the discovery of the directive 
tendency of the magnet with respect to the earth, and of 
its employment as a guide to the mariner, cannot he as- 
certained with certainty ; but it was used for this purpose 
hy the nations in the north of Europe, at least as early 
as the twelfth or latter part of the eleventh century.* 

I^. 32. 90. Fig. 32 represents 

a magnet poised upon a 
pivot so as to turn hori- 
zontally. This arrange- 
ment is essenUally. on 
the same principle as 
the compass-needle ; the 
latter, however, being 
6xed to a circular card 
on which the cardinal 
points are marked. 
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91. It is fouad tb&t a magnetic oeedle, ao suspended 
as to allow of a free horizontal motioii, spontaneously 
assumes a directioa nearly north and south ; and if dis- 
placed from Has posiuoD returns to it after a number of 
oscillations. 

92. If the needle be sospended so 
as to have freedom of motion in a ver- 
tical directicm, it is found not to main- 
tun a horizontal position^ but one of 
its poles (in tbis hemisphere the north) 
inclines downwards towards the earth. 
At the magnetio poles of the earth the 
direction of the needle would be verti- 
cal ; but the inclination dimioisbes %3 
we recede from the poles towards ttie 
equator, and at the magnetic e^ator, 
which is near the geographical one, the 
' needle beeomes borizoetal, A needle 
properly prepared for exhibiting this 
inclination, is called a dipping Tieedle. 

93. Fig. 33 represents a dipping needle whose mode 
of suspension allows of its turning freely in any direction. 
It Is fixed by means of a' universal joint to a brass cap 
containing an agate, which rests upon the pivot. The 
usual arrangement allows only of motion in a vertical 
plane, the needle having an axis passing through its 
middle at right angles to its length, which axis is sup- 
ported horizontally. The small needles shown in fig. 34 
are suspended in this manner. Sometimes a vertical 
graduated circle is added, to measure the angle which 
the needle makes with the horizon. In using a needle 
5» 
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whose motion is confined to a single plane, it must be so 
placed that this plane may be directed north and south, 
coinciding vith the plane of the magnetic meridian. A 
dipping needle, before being magnetized, should be as 
equally balanced as possible, so as to remain at rest id 
any direction in which it may be placed ; a high degree 
of accuracy is, faowever, difficult of attainment. 

94. The dipping needle will assume, also, in various 

^^■3i- latitudes the directions 

I exhibited in the annexed 

diagram, fig. 34, where 

the point of the arrow 

indicates the north pole 

iand the feather the 
south pole of the needles 
placed around the globe. 
The angle which the 
needle makes with the 
horizon at any place is 
called the dip, at that place. The tendency of the 
needle to dip is counteracted in the mariner's and sur- 
veyor's compasses, by making the south ends of needles 
intended to he used in northern lautudes, somewhat 
heavier than the north ends. 

95. In fig. 34, M represents the North American 
magnetic pole near S the north pole of the earth. The 
line L V is nearly the present Urie of no variation, (see 
^ 93) and the curved line at the centre is the magnetic 
equator, or where the dip is at zero, and the direcuon of 
the dipping needle is the same as that of the horizontal 
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96. By ccHDparing tbe directions assumed hj the 
needle in its vaiious positions in respect to the earth, as 
represented in fig. 34, with those assumed hy a magnet 
in reference to another magnet, as illustrated in sect. 72, 
it will be found that there is a great analogy between 
tbem. Thia analogy led to the opinion, which was for 
a long time entertained, that the earth was itsdf a mag- 
net, or that it contained within it large magnetic bodies, 

. under the influence of which the magnetic needle as- 
sumed these various directions ; just as s small needle 
assumes such directions when brought in various posi- 
tions near to a bar magnet. 

97. But there is another mode of accounting for the 
directiTB tendency of the magnet in respect to the earth ; 
and that is by supposing, instead of magnetized bodies 
within the earth, lying parallel to the direction of the 
needle, currents of electricity passing around the earth, 
within it, but near the surface, at right angles with that 
direction. This would identify the directive power of 
the needle in respect lo the earth, with its directive ten- 
dency in regard to a current of electricity, as described 
under the last head, instead of with respect to another 
magnet. And this b, in &ct, the view which philoso- 
phers are now inclined to take of the subject. The 
theory, however, is yet unsettled ; and in fact all these 
tiiree forms of directive tendency may hereafter be 
shown to be identical. In the mean time the phe- 
nomena being distinct, they may properly be arranged 
in different classes. 

£zp. 9, — Lay a fine Beving-needle, unmagnetized, upon the 
mataee of water, wbere^ if it Ih perfectly dry, it will float, and it 
will be found that it will lie nearly indifferently, in eny poritioo. 
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T)um magneliM it, by UiiictuD{ it with uij ma^iMt, and reptoce 
it upon the mter, in a direction eaet and weaL It will imme- 
diately turn and awunie a potition in tbe magnetic aeridtan, 
that ia, nearly north and aouth. 

ExF. 10. — Place a magneUc needle upon ita pivot so that its 
north pole turna towards the north. Then take it off its pivot 
and draw the noith pole aeroaa the north pole of a strong magnet, 
and the aoulh pole of the needle aeroaa the aouth pole of the 
magnet On replacing it upon it« pivot, it will be found that the 
polo which was previously north will now turn towarda the aouth, 
and the aouth pole towards the north. In thia way the poles of 
the needle may be reversed at pleasure. 

Exp. 11. — To prove that the inclination of the dipping needle 
is not occasioned by the greater weight of the north extremity of 
the needle used) reverse its poles, as described under the last ex- 
periment, and then what was before the south pole will be de- 
pressed, the pole which waa previously north being elevated. 

98. The direction of the needle in respect to the 
earth is not fixed. Its variation, that is, its deviation 
from the true geographical meiidian, ia subject to several 
changes, more or less regular. So also is the inteiuity 
of the action exerted on it by the earth, as shown by 
the number of oscillations made by it in a given time. 
When examined also by means of apparatus constructed 
witli great delicacy, the needle is found to be seldom at 
rest, but to be actuated with incessant fluctuations and 
tremulous motions, a phenomena supposed to comport 
more easily with the idea that electric currents consti- 
tute the influence by which it is controlled, than that its 
posiuon is governed by the power of fixed permanent 
magnets in the earth. 

99. The instrument represented in 6g. 35 is intended 
to illustrate the magnetism of the earth on the latter 
supposiuon. (See section 96.) The compound bar 
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f^3^ magnet, » », is placed 

in the magnetic axis of 
the earthj not cobciding 
exactly with the axis of 
rotation, N S. A small 
jlrtlmagnetic needle placed at 
jfls^B on the magnetic raeri' 
dian, will point both to 
the magnetic pole s, and 
to the north pole N, both 
being in the same I be. 
But if the needle be placed at A, or any where except on 
the magnetic meridian, it will point to the magnetic pole 
alone, the two poles not bemg in the same direction. 
The several magnets represented at n s are not fastened 
together, but only fixed on one axis. This allows their 
poles to be separated a litde, to imitate more closely the 
distribution of terrestrial magnetism : the earth really 
having four magnetic poles, two strong and two weak ; 
the strongest north pole is in America, the weakest in 
Asia. The Ibe of no Tariation on the earth differs, 
however, considerably from the magnetic meridian, and 
the lines of equal variaUOD and equal dip are not exactly 
meridians and parallels of latitude to the magnetic pole. 
The action of the magnetism of the earth at its surface 
is therefore iiregular. The temporary fluctuations, how- 
ever, are so slight as not to interfere with the use of the 
compass, and the variation of the needle is observed and 
noted on charts for different parts of the earth. 

100. The variation of the needle at any place is found 
by observing the magnetic bearing of any heavenly body 
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whose true position at the time is known. It is imme- 
diately obtained by comparing the direction of the needle 
with the north star 
when it crosses the 
meridian or by cal- 
culaUoD when the 
north star Is at its 
* greatest elongation. 
An observation of 
,the sun, however, 
is usually preferred. 
The latitude of a 
place A (Gg. 36)bebg known, the exact bearing of the 
sun S, east or west, can be obtained by calculation,* for 
any given moment of time at that place. If the needle 
at A points to M, instead of Ny the true north, the angle 
MAS will be the magnetic bearing of the sun west. ~ 
Suppose this angle to be observed by the surveyor's 
compass, and found equal to 76°, the time being exactly 
noted. The angle N A S, the true bearing of the sun 
at the time, is then calculated. Suppose it equal to 
85° SO*. The difierence between the magnetic bearing 
and the true bearing, represented by the angle M A P(, 
b the variation of the needle, and equals 9° 30'.f 

101. Fig. 37 represents an instrument contrived to 
illuEtrate the theory which ascribes the magnetism of 
the earth to electrical currents circulating around it at 
right angles to its axis. N S is merely a wooden axis to 
the globe. When a galvanic cnirent is sent through the 
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coil of wire about the equatorial regions, small needles 

placed in different filiations will arrange themselves as 

Fig. ST. 



they would in similar terrestral latitudes. By compar- 
ing this figure with fig. 35, representing the globe with 
the included magnet, a comparison may be made be- 
tween the two theories of magnetism. The small needle 
arranges itself similarly on both gidbes. With a small 
dipping needle the resemblance between its positions on 
both, and those assumed by it on the earth's surface are 
very striking. 

102. It will be observed that, in fig. 35, the south 
pde of the included magnet is represented at the norfA 
geographical pole of the earth. So also, in fig. 37, the 
wooden rod N S, passed 'through the axis of the globe, 
shows the direction of the polarity induced by the cur- 
rent to he contrary to that of the geographical poles. 
The reason of this may be easily understood. The 
northern magnetic pole is the one which attracts the 
north pole of a magnet, and therefore must itself possess 
south polarity and not north, as its name might seem to 
indicate. In the figure the battery current is of course 
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considered as flowing round the globe in the same direc- 
tion as the supposed currents in the earth ; that is to say, 
from east to west, in the opposite direction to that of the 
earth's rotation. The principle on which the coil acts in 
inducing polarity will be explained in chap, II, sect. 2. 

103. The aurora borealis is found to affect a deli- 
cately suspended magnetic needle, causing it to vibrate 
constantly but irregularly during its continuance, and 
especially when the auroral beams rise to the zenith ; if 
the aurora is near the horizon the disturbance of the 
needle b very slight. When the beams unite to form 
a corona, its centre is oSten in or near the magnetic 
meridian. 

104. Within a few years a considerable number of 
magnetic observatories have been established la various 
parts of the world, for the purpose of making systematic 
and corresponding observations in relation to terrestrial 
magnetism. At these stations the variation of the 
needle and the intensity of the earth's action upon 
it are observed and recorded almost hourly, and on 
stated days at intervab of a few minutes only. These 
observations made by means of excellent instruments, 
and at the same time in widely remote regions, adroit of 
comparison with each other, and can hardly fail to 
throw light on many parts of this important and intricate 
subject. 
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MAGNETISM, 
n. 

INDUCTION OF MAGNETISM. 
I. BY THE INFLTJENCE OF A MAGNET. 

105. If a magnet is brought Dear to a piece of iron 
of any form, the latter becomes itself magnetic by the 
inSuence of the former. 

ExF. IS. — Let M, fig. 39, be a bar magnet, the point of tbe arrow 

indicatuig the north pole and the feather the south pole ; and B a bar 

p^g, 39, of iron brought 

^ g near to iL Now 

^^^ ^^ -^ il In j^j] bj the influence 

^ '' of the magnet 

the bar will become magnetized; the end toirardH the north pole 
will become eoulh, and the end remote from it, north. The mag- 
netical induction ia stronger when the bar is brought in contact 
with the pole of the magnet i a decided effect,however,i8 produced 
by the mere projrimily of the magnet to the iron. That the iron bar 
while under the influence of the magnet actually possesses mag- 
netic properties, may be shown by presenting to it some iron 
filings or small nails, which will adhere to each extremity; and 
also by bringing near to it a small magnetic needle balanced on 
a pivot, the norUi pole of which will be repelled by the end of the 
bar farthest from the magnet M, and attracted by the end nearest 
to M. This induced magnetism will immediately disappear when 
the iron is removed from the vicinity of the magnet If a smalt 
bar of steel, a large sening-needle for instance, be substituted for 
the iron bar, it will acquire magnetism much less readily, but will 
retaon it after removal ; becoming in fact a permanent magnet 
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106. It was for a long time supposed that the at- 
tractive force of the loadstone or any other magnet was 
exerted upon iion simply as iron; whereas it is now 
known to be the attraction of one pole of a magnet for 
the opposite pole of another magnet. Iri all cases, when 
a magnet is brought near to or in contact with any 
magnetizable bodies, as pieces of iron, iron filings, or 
ferruginous sand, all such bodies, whether large or 
small, coming thus within the influence of a magnedc 

.pole, become maguetized; the part which is nearest 
acquiring a polarity opposite to that of the pole of the 
magnet ; while the remote extremity becomes a pole of 
the same name. 

Ekp. 13.— If aeverftl pieces of iron wire of the aame length be 
suspended from a magnetic pole, they will not hang parallel ; but 
the lower ends will diver^ from each other, in consequence of 
their all receiving the same polarity by induction, while the 
upper ends will be retained in tlieir plaeea by the aUiaction of 
the magnet. 

EiF. 14. — Suspend two short pieces of iron wire by threads of 
equal length, fastened to one end of each piece so that the wires 
may hang in contact If now the (wuth pole of ft magnet be 
pkced below the wires, the lower ends of both will become north 
poles, and their upper ends south poles ; and the wires will recede 
from each other. This divergence will increase as the magnet 
is brought nearer, until it reaches a certain limit, when its at- 
traction for the lower polea will overpower their mutual repalsion 
and cause them to approach each other ; while the lopulaioo of 
the upper ends will remain as before, 

107. In former times artificial magnets were always 
made by induction from strong magnets previously pre- 
pared ; the original source of the power being provided 
by natural magnets. When this was the case, it became 
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important 1o ascertain what arrangements and what 
modes of applying a magnet to a bar or needle, were 
most efficacious in communicating or developing the 
magnetic virtue ; and accordingly various and compli- 
cated arrangements and manipulations for this purpose, 
are detailed in old treatises on this science. Recently, 
however, other and ftr more powerful means have been 
discovered for magnetizing bars of iron or steel, as will 
be hereafter described ; so that all those methods have 
been in a great measure superseded. The induction of 
magneUsm by the means above referred to, is now only 
employed for magnetizing needles or small bars. 

108. It may however be convenient to know a good 
plvtcess for magnetizing (or touching, as it is technically 
called) by the aid of steel magnets. One of the simplest 
and best will here be given. A small bar of steel may 
be magnetized by drawing it across the poles of a mag- 
net in the following manner; place the middle of the 
bar on one of the poles and draw one end of it over the 
pole a number of times ; the direction of the motion 
being always from the middle to the end. Then turn 
the bar in the hand, and pass the other half over the 
other pole of the magnet in the same way. If the bar 
is thick, the process may be repeated with its different 
sides. The end which has been drawn over the south 
pole of the magnet will now possess north polarity, and 
the other extremity south polarity. 

109. The magnet which is used to induce magneusm 
loses none of its own power in the process, but often . 
receives a permanent increase by the reaction of the 
polarities it has induced upon its own. 
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Exp. is. — That a magnet posBeeses greater power while exert- 
ing its inductive action, may be shown by auspendiog from one 
pole of a bar magnet as much iroD aa it can hold. If now a bar 
of iron be applied to the other pole, the first will be found capa- 
ble of sustaining a greater weight than before. 

110. When the arrangement of the experiment is 
such that while one extremity of an iron bar is exposed 
to the iaSuence of one pole of a magnet the other ex- 
tremity may be acted upon by the other pole, there will 
b6 a sort of double induction, and the effect will be 
increased. 

Exp. 16.— Let M, fig. 40, be a compound horse-shoe magnet, 
and A an iron armature, of such a length that while one extremity 
Fig. 40i is applied to one pole of the magnet the other 
If extremity may be applied to the other. In this 

caaei both poles of the magnet will act, each 
inducing a polarity opposite to ita own in that 
extremity of the armature which is under its 
influence, as is indicated by the letters in the 
cut The force with which the armature ad' 
beres will consequently be greatly increased, 
for there will be a strong attraction between 
^ each pole of the magnet and the corresponding 
extremity of the armature, that is, correspond- 
ing in position; for the polarity of the parts in 
contact will evidently be of opposite denomination!. If a bar of 
iron be placed between the north poles of two magnets, both 
extremities will become south poles, while a north pole will be 
developed at tJie middle of the bar. 

111. Y Armature. This consists of a piece of soft 
iron in the shape of the letter Y. If one of the branches 
of the fork be applied to the north pole of a horse-shoe 
magnet, as seen in fig. 41, the lower end of the arma- 
ture, and also the other branch of the fork acquire north 
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polarity, add will sustain small pieces of 
iron. If both branches of the fork be 
applied, one to each pole of the magnet, 
as shown by the dotted lines in the cut, 
the polarity of the lower end immediately 
disappears. This is because the two 
poles tend to induce opposite polarities 
of equal intensity in the extremity of 
the armature, which of couree neutralize 
each other. If the branches of the fork 
are applied to the timilar poles of two 
magnets, ihOT influence will conspire in 
inducing the same polarity in the lower 
end,and a greater weight will be support- 
ed by it, than when one branch is applied to a single pole. 
J%. 42. ffe. 4a Exp. 17.— Place the 

^ north pole of a bar 

magnet M (fig. 42} on 
the centre of a. circu- 
lar plate of iron ; it will 
now induce soutli po- 
lojitf in tfaa part im- 
mediately beneath it, 
and a weak north po- 
larity in the whole cir- 
^^ cumference, bo that it 
will sustain iron filings 
u shown in the cut. 
Exp. 18.— If an iron 
Pplale be cut into the 
I fonn of a star, as in 5g. 
I 43, each point will ac- 
a Bironger north polarity than the edge of the round plate 
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Fig. 44. io the last experiment, and may be title to 

lift several iron screns or uaila; the let- 
ten in the cut indicate the position of 
the poles. 

Exp. 19.— Place the north pole on the 
middle of a bar of iron ; both eztremities of 
the bar will become north poles and the 
middle a south pole, as indicated by the 
S letters in the cut {&g. 44) where M repre- 
^■sents the magnet 
112 Fig. 45 represents the successive developmeot 
of magnetism in several bars of iron.' The bar a being 
^- i5. a b e placed near to or in 
a' ^t"« ;Hft riPcontact with the north 
pole of a magnet M, becomes itself temporarily mag- 
netic, and is able to induce magnetism in a second bar 
h ; this ag^ in c, and so on, each succeeding bar being 
less and less strongly magnetized. The same thing 
occurs with the iron nails represented in fig. 43,- hanging 
Irom the points of the star. If the magnet M be re- 
moved from the bar a, the magnetism of the whole series . 
disappears. This successive development of magnetism 
b well shown by plunging one of the poles of a strong 
bar magnet in a mass of small iron bodies, such as 
screws, nails, &£C. 

113. It is not easy to magnetize a bar whose length 
considerably exceeds its diameter, in such a manner that 
its two poles may be developed along two opposite sides 
instead of at its extremities ; for the opposite polanties 
tend to keep as far from each other as possible. The 
points of greatest intensity in a pertnanent magnet are 
not however situated precisely at its ends, but at a little 
distance irom them. 
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1 14. The inductive acUon of a magnet is not impeded 
by the intetposilJon of any unmagnetizable body what- 
ever. Thus, if a plate of glass be placed between the 
magnet and a piece of iron, the iron will be as much 
infiuenced, and will be attracted as strongly, as it would 
be at the same distance with no glass mterposed. 

115. FBiOTintG OT Magnets. A close analogy 
exists between the phenomena of magnetism and elec- 
tncity in many important points. But in some respects 
it altogether fails. Electricity, whether podtive or 
negative, can be actually transferred from one body to 
another, so that a body may be charged with an excess 
of electricity of either kind. It is not so wit^ magnet- 
ism. Every magnet possesses both polarities to an equal 
extent, though each may be diffiised through different 
pordons of its mass. A long conductor exposed to the 
inductive influence of an electrified body, has opposite 
electricities developed at its two ends. If now it be 
cUvided in the middle, we obtain the two electricities 
separate ; one half of the conductor possessing an excess 
of positive, the other of negative electricity. The con- 
dition of a magnet in regard to the distribution of its 
polarities appears to be exactly analogous to that of the 
conductor ; the north polarity seeming to be collected 
in one half of its length, and the south in the other. 
We might therefore naturally expect that by breaking 
the magnet in halves we should obtain the two polarities 
separate, one in each portion of the bar. But such is 
not the case ; each half at once becomes a perfect mag- 
net. The original north pole still remains north, but 
the other extremity of the magnet, that is, the broken 
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end, has acquired a south pole. The converse of this 
occurs with respect W the other pordon in which the 
south pole was situated, as shown in Gg. 46. These 
halves may he again hroken with the same result ; and 
Jty. 46. in fact into however 

12 l^t ^small ikgaients a 

^^■^^■^^^'■^■^■■■'^■^^^■■magnet may be sub- 
divided, each will possess a north and a south pole. 

EsF. 20. — Sutpend a. piece of iron from one pole of a magnet, 
uid bring up to this pole the opposite pole of another magneL 
The iron will iniinediatelf fall: the poles when in contact repre- 
senting the middle or neutral portion of a magnet Tf the piece 
of iron ia nearly as heav; as the pole can auatain, it will fall on 
tiie mere approach of the other magnet to the pole and before it 
touches it 



II. BT THE INFLUENCE OF A CDBBENT OF 
ELECTRICITY. 

116. It has already been stated, under the head of 
the directive tendency of a magnet in reference to a 
current of electricity, that a magnetized body, freely 
suspended within the influence of such a current, tends 
to assume a positioa at tight ^gles to it. It is also 
found that if any magnetizable body be placed m this 
position with regard to an electtical current, it acquires 
magnetism by its influence. This phenomenon is termed 
electro-magnetic mduction. The subject of this section, 
with the one referred to above, form the department of 
electro^magneiism. 

117. A short copper vriie connecting Ihe poles of a 
battery will attract iron filings, as represented in fig. 47. 
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It will be observed that the lioes of Glioga bare not that 
bristled, divergent arrangement, which they exhibit 
under the influence of a steel magnet, but adhere equally 
■*%- ^' all around the circumference 

of the wire ; forming cir- 
cular bands, the particles of 
which mutually cohere in 
consequence of each particle 
becoming a magnet with its 
poles tranverse to the wire. 
The attraction is also equal 
at every part of the length of 
the wire : hence these trans- 
verse bands, lying in contact 
with each other, present the appearance of a closely- 
compacted layer. Whatever form the metal conducting 
the electricity may have, the filings will always arrange 
themselves in lines encircling it at right angles to the 
course of the current. The iron filings will of course 
fall off when the current ceases to flow ; but if steel 
filings be employed, they will remain attached, in con- 
sequence of the adhesion of the magnetized particles 
among themselves. 

Exp. 21. — A eewing-needle may be magnetized by placing it 
across the wire aod at right angles to it. If placed parallel to 
the wire, it acquires feeble polarity on Its opposite sides instead 
of in the direction of lis length, and probably will not retain it after 
removal : it being very difficult to maintain this transverse dis- 
tribution of magnetism in magnets whose length considerably 
exceeds their diameter. 

Exp. 23. — Places short iron rod or apieceof iron wire at right 
angles to the wire conveying the current On bringing a delicate 
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magnetic needle near to ita extremities, thay will be foand ta 
poMesB a Hnaible polarity ; which however they will lose when 
removed from the influence of the currenL 

118. Though the relatioD between the current and 
the direction of the polarity which it induces is fixed 
and determinate, yet it is very difficult to express. The 
action of the current in inducing magnetism followst the 
same law which we. hare already seen to determine its 
influence in moving a magnetic pole placed near it. 
See <^ 79. 

119. The following mode of fixing the rule in the 
memory is perhaps the best that has been contrived. 
First, it is more natural to fix our attention on the cur- 
rent o( positive, than of negative electricity. Secondly, 
in a vertical wire, a detcendijig current will occur to us 
more readily than an ascending one ; or, if we imagine 
ourselves home along by the current, it would be more 
natural to conceive ourselves moving with oui feet fore- 
most ; but if, on the contrary, we suppose ouiselves to 
be at rest, we should conceive the current to be passing 
from our head to our feet. Our face would, of course, 
be turned towards the body to be magnetized ; we should 
attend to the nortA.pole in preference to the south ; and 
to our right hand rather than to our leA. Combining 
these conditions, then, we may always recollect, that if 
we conceive ourselves lying in the direction of the aarent, 
the stream of positive electrtcily fiovnng through our head 
towards our feet, with the har to be magnetised before 
us, the north pole of that bar will always he towards our 
right hand. If any one of these conditions be reversed, 
the result is reversed likewise. 
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J&. 48. ^^- Helix, ok stand. The 

lagnetizmg power will be greatly 
icreased if the wire be coiled in 
lie manner of a cork-screw, so as 
■> form a hollow cylinder into 
'hich the body to be magnetized 
an be inserted. Such a coil is 
enominated a HeUx ; and is repre- 
^nted at d, fig. 48, mounted upon 
ii stand. 

121. In using the coil, the following rule will indicate 
the extremity at which the north pole will be found. 
If the helix be placed before the observer with one of 
its ends towards him, and the current of electricity in 
passing from the positive to the negative pole of the 
battery, circulates in the coil in a direction similar to 
that of the hands of a watch or the threads of a common 
screw; then the north pole will be_/rom the observer, 
and the south pole towards him. If it passes round in 
the contrary direction, the poles will be reversed. Or 
the formula may be stated thus : the ioutk pole will 
always be found at that end of the helix where the posi- 
tive current circulates in the direction of the hands of 
a watch. 

122. Thus, in fig. 48 the current flows from the cup 
C, up the wire a, to the coil ; and then down again 
by the wire h, to the cup Z, producing north polarity 
at N, and south polarity at S. This rule is strictly de- 
ducible from that ^ven in i^ 119 for finding the direc- 
tion of the polarity induced by a current Sowing in a 
straight wire. 
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Exp. S3. — Place a bar of soft iron vithin the coi], and coDnect 
it with the batteiy by meaaa of the two cops attached to the stand. 
Then the two extremities of the.bar will be found to be strong'Ijr 
magnetic, ta will be seen hj brioging a key or other piece of iron 
in contact with them. On separating one of the wires communi- 
cating with the batteiy, the magnetic power of the iron bar will 
be immediately destroyed, and the key will diop. If iitm filings 
or small naila ate held near one of the extremities of the iron, they 
will be taken up and dropped alternately, aa the connectiw with 
the battery is made or broken. 

Exp. S4^If two sott iron bars are inserted in the helix, at the 
opposite ends, in such a manner as to have their extremities in 
contact in the middle of the helii, they will be held in conjunc- 
tion by a strong force. 

EiP. 25.— The coil being connected with the battery and a bar 
of iron placed within it, bring a. magnetic needle near the two 
extremities of the bar, inHuccesBion. One of the extremities will 
be found to have north and the other sonth polarity, and they will 
attract and repel the poles of the needle accordingly. 

ExF. 96. — Place a steel bar, inatead of an iron one, within the 
helix. It will acqujro polarity somewhat less readily, but the 
polarity will continue after the connection with the battery ia 
broken, and tSiei it is removed from the helix ; and thus a perma- 
nent ma^et be made. Any small rods or bam of steel, needles, 
&C., will answer for this experiment 

Exp. 27. — Ban of iron or eteel brought near the outside of the 
hetii will not acquire any appreciable degree of magnetism. An 
iron tube will not become perceptibly magnetic when a current 
is passed through a helix placed within It, though when enclosed 
in a larger helix it will become strongly so. 

EiF. S8. — If a needle or a small bar of steel previously mag- 
netized, ia placed within the helix, in such a position as to bring 
the north pole at the sonth pole of the heli^ as indicated by the 
preceding rule, the polarity of the needle or bar will bedestjoyed, 
and perhaps a new and contrary polarity communicated, 

ExF. 29. — If a small magnetic needle be suspended by a thread 
Dear the helix, the mutual action between them will cause the 
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needle to entei the helix, its BOrth pole entering the south end of 
the helut, or its south pole the north end. When the needle reaches 
the middle, its north pole will be within that end of the coil which 
eiJiibits north polarity. If the magnet be placed within the helix, 
in B contmy direction, its north pole entering the north end, it 
will be repelled, and then rerolving without the helix, will return 
and enter bp the other pole. This effect will take plaae unless 
the electro-megneUc power of the coil is sufficient to reverse the 
poles. When the needle has entered with its poles correspond- 
ing in direction with those of the helix, the action of the helix will 
tend to keep it ia the middle of its length, though not in the lij» 
of iU axis. 

Exp. 30. — Place the helix with its axis vertical, and a small 
rod of iron or steel within iL If it be now connected with the 
battery, it ma; be raised fVom the table without the bar iklling 
out: the tendency of the helix to keep the bar within it over- 
powering its gravitation. 

£xF. 31. — The power of the helix to induce magnetism may 
be shown by holding it vertically, as in the last experiment, 
while the current is Sowing. A small steel bar, merely allowed 
to &11 throQgh the helix, will acquire a considerable degree of 
magnetism.. 

123. Flat Spiral. Fig. 49 represents s. ribbon of 
sheet copper, coiled into a spiral. This instrument is 
described here in consequence of its possessing consider- 
able magnetizmg power, though its principal uses will not 
Fig. 49. ^ be mentioned till the inductive 
action of electrical currents 
comes under consideration, in 
chap. Ill, section 1. The cop- 
I per ribbon may be an inch wide ■ 
" and one hundred feet long, the 
strips being cut fixim a sheet, 
and soldered together. Being then wound with strips of 
thin cotton, it b coiled upon itself, like the mainspring of 
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8 watch ; intead of covering it with cotton, it ma^ be 
coiled with a strip either of cotton or Ibt interrening. 
Two bioding screw cups are soldered to the ends of the 
ribbon ; the internal end, for convenience, is brought 
from the centre, underneath the s]Hral, to its outside, 
care being taken to insure insulation where it p^ses the 
coils. The whole may be Brmly cemented together, if 
desired, by a solution of shellac in alcohol. The spiral 
being connected with the battery, its two faces will 
exhibit strong polarity : a dipping needle placed on any 
part of its surface or near it will always direct one of its 
poles towards the centre, as seen in fig. 49, where a 
dipping needle N S is represented cm the spiral. On re- 
versing the battery current, the other pole of the needle 
will turn towards the centre. If the spiral be fixed in a 
vertical position, a h(»izootal magnetic needle may be 
used with the same result. When brought near to one 
side of the coil, it will be found to direct its north pole 
constantly towards the cena« ; when on the other side, 
its south pole. When either the horizontal or dipping 
needle is placed near the outside, with its axis of motion 
m the same plane as the spiral, neither pole wilt be 
directed towards the centre, but the magnet will place 
itself at right angles to the plane of the spiral. 

ExF. 92. — Tba magnetiziiig pa-wer of the spiral mij be sbown 
by connecting it with the b&ttery, knd pl&cing a. rod of iron or 
steel in the central opeoiag, or upon it in the direction of n radiua, 
when the iron will become temporarily magnetic, and the steel per- 
maneDtly so. If the bar, when laid upon the coil, extends acroes 
the central opening, both ends will become similar poles, and Ihe 
part over the centie, a pole of the opposite denominatioD. 

124. If the spiral be of considerable diameter, it will 
exert a feeble magnetizing power on its outside, and a 
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abort rod of soft iron placed near it will become able 
to sustain a few iron filings ; its pcdarity will be in the 
rererse direction to that which it would acquire were it 
placed within. The influence of the earth in inducing 
magnetism in the iron must not be overlooked ; it may be 
allowed for by observing whether the transmission of the 
current through the coil causes more or fewer filings to 
be sustained by the bar, or avoided by placing the spiral 
in a vertical posirion with its axis east aud west, and the 
rod horizontally east and west. 

125. When the spiral is in the form of a ring, having 
a large central opening, it will be found that the magnet- 
ism communicated to a bar placed in the centre will be 
somewhat less than when it is near the side, diough very 
■ntich greater than that acquired by one on the out^de. 
Fig. 50. 126. Magic Cibcle. This is a helia- 

I {^{| cal coil of wire, shown at R in fig. 50, 

about two inches in diameter, with the 
extiemides ^ and b of the wire left free, 
in order to be inserted into the cups of 
the battery. If two semicircular arma- 
- tures of three quarter inch iron, provided 
/with handles, are passed partly within the 
ring, as represented in the cut, they will 
vadhere together so strongly as to support 
a weight of fifty-siK pounds or more, when 
the current from even a small battery is 
transmitted through the coil. Tbe attrac- 
tive power manifested by the armatures 
when near each otho-, but not in actual 
contact, is comparatively very feeble. 
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137. If a ring and amiatures of larger ^ze are em- 
ployed, as represented in fig. 51, where A A are the 
armatures, and C the coU, great force will be required 



to separate them. The handles are attached to tbe arm- 
atures bjr ball and socket joints, to prevent tbem from 
being twisted or wrenched by irregular pulling. The 
induction of magnetism in these armatures by means of 
the current from a thermo-electric battery has already 
been mentioned in <^ 56. 

123. If tbe coil while conveying the current be 
plunged in a mass of small iron nails, a large quantity 
of them will be sustained by it. An iron bar introduced 
within it will become strongly magnetic. If the flow of 
the current in tbe coil is stopped while the armatures 
are applied to each other, as shown in figures 50 and 
51, they will still continue firmly attached ; but if once 
separated, will not adhere again. 

139. Page's Double Helix. This instrument con- 
sists of two helices fixed side by side, into which two 
bars of iron of tbe U form, fitted with handles, can be 
inserted so as to bring their extremi^es in contact in the 
centre. A very strong force will be required to separate 
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tbttD, when the electrical circuit is ccHnpleted through 
the lieiices. The attractive ibrc« manifested by the 
bars when tbur extremities meet in the centres of the 
helices is much greater than when the ends of one of 
the bars project beyond the coils. It is also greater with 
short bars than with long ones. 

130. De la Rite's Ring. A coil of wire while 

transmitting the electric current is not only capable 

mmunicating 

ism to iron 

eel placed 

it, .but itself 

es magnetic 

^ This feet 

e shown by 

of the appa- 

igured in the 

ig cut. One 

f the wire 

; the coil C 

red to a very 

)late of cop- 

per c, and the other to a similar plate of zinc z. These 

plates are fastened to a small piece of wood, in order 

to keep them apart, and jJaced in a little glass cup D. 

To put the instrument in action, a sufficient quantity of 

water, acidulated by a few drops of sulphuric or nitric 

acid, is poured into the glass cup to cover the plates, 

and the whole apparatus is floated in a basin of water. 

The coil will now be found to place itself with its axis 

north and south ; its polarity being in the same direction 



...Google 



78 DAiriCL DATIB, J B-'s ■ A tl IT A L. 

as that which would be exhibited by an iron rod placed 
witbio it. The arrow Indicates the course of the gal- 
vanic current in tbe coil, from tbe copper to the zinc. 

Ezp. 33. — Tftke a. bar mftgiwt H, and boldio^ it boruontally, 
bring it* Dorth pole near to tbe aouth pole of tbe ring. The ring 
will Diove towards tbe magnet, and pus over it until it reacbee 
its middle, where it will rest in a state of equilibritun; retuming 
to this position, if moved towards eitber pole and then lefi at lib- 
ertj. Nov, holding tbe ring in its poBitim, withdraw tbe msgne^ 
and pass it again half way through the coil, but witb its poles re- 
veraed. The ring when set it liberty, will, unless placed exactly 
at tbe centre, move towards the pole which is nearest ; and passing 
OD tin clear of the magnet, will turn roand and present its other 
face. It will then be attracted, and pass again over the pole till 
it rests In eqnilibriam at tbe middle of the magnet 

13t. Electbo-Maonets. Bars of iron wound with 
insulated wire so as to be enclosed in a permanent helix, 
are termed £Uectro-Mag7Uts, During the passage of an 
electric current along the wire, they exhibit a remarkable 
degree of magnetic power, indeed far superior to that 
of steel magnets of the same size. They are usually 
F^- S&, made in the U form, as shown in 

fig. 53, the bar being from six to 
eighteen inches in length before 
being bent. These, when con- 
nected with a medium size cyliudri- 
Ical battery, will sustain from a few 
pounds to &&y or a hundred pomids. 
A current from tbe thermo-electric 
battery (6g. 15), when transmitted 
through the wires of an electro-magnet, induces a con- 
siderable charge of magnetism. 

18ii!. Prof. Henry, late ot the Albany Academy, ap- 
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pears to have been the first to constmct electro-magnets of 
anj^ great lilliDg|power. In one instance, he employed a 
soft inm bar, two inches square and twenty inches long, 
beat into the horse-shoe fonn ; its weight was twenty-one 
pounds. This was wound with five hundred and forty 
feet of copper bell-wire, not in one continuous l^gth, 
but in nine separate coils of sixty feet each, each strand 
of wire occupying about two inches of the bar, and being 
coiled several times backward and forward upon itself. 
By this arrangement the diderent coils could be com- 
bined in a number of ways ; thus, if the second end of 
the first wire was soldered to the first end of the second, 
and so on through the series, the whole would form a 
single coil of five hundred and forty feet. Or they might 
be united so as to form a double coil of two hundred and 
seventy feet, or a triple one of one hundred and eighty 
feet, and so on. A small battery was used, consisting 
of two concentric cylindersof copper, with a zinc cylin- 
der between them. The battery required only half a 
pint of diluted acid for its charge, and the surface of zinc 
exposed to the acid was but two-fifihs of a square foot. 
Each strand of the wire being soldered in succession to 
this battery, one at a ^e, the magnetism was just suf- 
ficient to sustain the armature, which weighed seven 
pounds. When the first end of each of the nine strands 
was soldered to the zinc cylmder and the second end to 
the copper cylinder, so that the current circulated in 
nine channels of sixty feet each, the magnet supported 
the extraordinary weight of six hundred and fifty pounds. 
With a larger battery it sustained seven hundred and 
fifty pouads. Each pole, separately, could lift but five 
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or six pounds. Od uDitiDg the ends of the wires, so as to 
fonn a continuous length of five hundred and forty feet, 
the weight raised was only one hundred and forty-five 
pounds. He afterwards constructed another electro-mag- 
net on a similar plan, which was wound with twenty-six 
strands of copper wire, covered with cotton thread, the 
aggregate length of the wires being seven hundred and 
twenty-eight feet. With a battery of 47,9 square feet, 
this magnet supported two thousand and sixty-three 
pounds, or nearly a ton. Others have since been made 
with a lif^ng power of three thousand pounds. 
Fig. 5i. 



133. Fig. 54 represents an electro-magnet fixed in a 
frame, for the purpose of supporting heavy weights. A 
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semicircular armature A b adapted to its pedes, aa this 
form gives the greatest litling porer. It will be observed 
that if the iron of the magnet is soft and pure, its mag- 
uetic power will be immediately communicated aud lost, 
according as the connection with the battery is made or 
broken. If, however, the armature is applied to the 
poles, and the flow of the current is stopped while it is 
attached, it will continue to adhere for weeks or months 
with great force, so as to be able to sustain one third or 
one half as much wdght as while the current was circu- 
lating. But if the keeper be once removed, nearly the 
whole magnetism will disappear, and the magnet, if of 
good iron, will not even be able to lift an ounce. The 
polarity of the magnet will of course be reversed by 
changing the direction of the cuirent. 

Exp. 34.— a bomII electro-magnet will Bustaia a large mua of 
iron iwila or filings about its polea, which will fall when the flow 
of the curreat is stopped. A very small electiD-magnet teu been 
made to lift four hundred and twenty times its own weighL 

134. An electro-magnet, like the steel magnet, exerts 
its attractive force through intervening subslaoces ; and 
the phenomena are more striking with the fonner, in 
consequence of its greater power. Thus, it will often be 
able to lift its armature, with a plate of glass interposed ; 
and when a few thicknesses of paper only intervene, a 
considerable additional weight will be supported. 

135. Electbo-Maonet, with thbe» poles. ■ This 
consists of an iron rod wound with wire, which is carried 
in one direction around half the length of the rod, and 
then turns and is wound in the other direction. The 
effect of this arrangement is, that when the connection 
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is made with the battery by means of the brass cups on 

the stand, the two extremities of ^e bar, e and d, fig. 55, 

become similar poles, while the nuddle a acquires a 

Fig. 55. polarity opposite to that of 

le ends. By reversing the 

irection of the current, all 

le poles will be reversed. 

i'he arrangement of the poles 

lay be shown by passing a. 

lagnetic needle along the 

ar, or by small u^n tacks, 

a large number of which will adhere to its extremiues 

and to its middle. 

136. COHHUHtCATtON OF MaOKITISM TO StEEL BI 

THE Electbo-Maonit. The great power possessed 
by the electro>magnet, renders it peculiarly fitted for 
inducing magnetism in steel ; hence it is very convenient 
for charging permanent magnets. A short steel bar, if 
applied like an armature to the poles of a U shaped 
electro>magnet, will become strongly magnetic, tlie end 
which was in contact with the north pole acquiring, of 
course, south polarity. A longer bar may be charged, 
by employing the same process that has been described 
in ^ 108, for touching by steel magnets. , 

137. Bars of the U form are most readily magoeuzed 
by drawbg them from the bend to the extremities across 
the poles of the U electro-magnet, in such a way that 
both halves of the bar may pass at the same time over 
the poles to which they are applied. This should be 
repeated several times, recollecting always to draw the 
bar in the same direction. Then, if it has a considerable 
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thickness, turn it in the hand and repeat the process 
^V- 56- with its opposite 

surface, keeping 
each half applied 
_to the same pole 
as before. Of 
course, the result 
will be the same, 
if the steel bar is 
kept stationaiy and the poles of the electro-magnet 
passed over it in the proper direction, that is, in the re- 
verse direction of the arrow in fig. 56. 

138. In order to remove the magnetism of a steel 
magnet of the U form, it is only necessary to reverse 
the process just described ; that is, placing one pole of 
the electro-magnet od each of its poles, to draw the 
electio-magnet over it, towards its bend, Jn the direcdon 
of the arrow in fig. 56. In this way, a steel magnet 
may often be so completely discharged as to be unable 
to lift more than a few iron filings. A bar magnet may 
also be deprived of its magnetism in a great degree by 
passing the north pole of an electro-magnet over it, from 
its south pole to its middle, and then lifting it off pei^ 
pendicularly ; if, then, the south pole be passed in the 
same manner over the other extremity of the steel bar, 
it will be found to have lost the greater part of its 
polarity. If necessary, this process may he repeated 
several times. A still more effectual mode is to make 
use of two electro-magnets ; place the north pole of one 
on one end of the bar, and the south pole of the other on 
its other extremity, and draw the poles along the bar till 
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they meet at its middle ; then lift them off. If the steel 
bar whose polarity b to be removed is of small size, steel 
magneU may be substituted fw the electroHnagnets in 
the above processes, though with less effect. 



139. When a wire conveying a current of electricity 
b brought near to a magnetic pole, the pole tends to re- 
volve around it, as has been explained in ^ 79. If the 
current acts equally upon both poles, do rotation occurs, 
because they tend to move in opposite directions ; and 
the magnet rests across the wire in a position of equilib- 
rium between the two forces. But if the action of the 
current b limited to one pole (which was first effected 
by Prof. Faraday), a continued revolution is produced. 
If the magnet has liberty of motion, it will revolve around 
the wire ; if the wire only is free to move, it will rotate 
around the pole. When both the wire and the magnet 
are at liberty to move, they will revolve in the same 
direction round a comnon centre of motion. A number 
of instruments have been contrived for exhibiting these 
movements. 

140. Magnet revolving bound a Conducting 
Wire. In the instrument represwited in fig. 57, the 
magnet N S has a double bend in the middle, so that 
this part b horizontal, while the extremities are vertical. 
At its north pole N is attached a piece of brass at a right 
angle, and bears a pivot which rests in an agate cup fixed 
on the stand. A wire loop attached to the upper pole S 
encircles a vertical wire fixed iti the axis of motion, and 
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thus keeps the magnet upright. The galvanic current is 
conveyed by this vertical wire : it is surmouilted by a brass 
cup A, and its lower end dips into a small mercury cup 
Fig. 57. on the horizontal portion of the 

aMm magnet. From this part projects 

J ^' ^^ , a bent wire, which dips into a 
■■ la circular cistern of mercury, open 

' F siL ^P in the centre, to allow the mag- 
net to pass through, and sup- 
ported independently of it. A 
wire, terminated by a brass cup 
B, for connection with the baU 
tery, proceeds outwardly from 
the cistern. This arrangement 
allows the current to flow down 
by the side of the upper pole of 
the magnet, until it reaches its 
middle, whence it is conveyed off 
I such a direction as not to act 
P upon the lower pole. On making 
connection with the battery, the- 
magnet will revolve rapidly around the wire ; the direc- 
tion of the rotation depending upon that of the current. 
141. Magnet BGvoLviHG BOUND ITS OWN Axrs. IMie 
instrument represented in fig. 58 is designed to show 
that the action between the current and the magnet 
takes place equally well when the magnet itself forms 
the conductor of the electricity. T^e lower end N of 
the magnet, being pointed, is supported on an agate at 
the bottom of a brass cup connected under the base- 
board with the bindbg screw cup P. The upper end 
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S is hollowed out to receive the end of the wire 6xed 
to the cup A ; the brass arm aupporting this cup is iDsu- 
^•SS. lated from the brass 

pillar at 1 1, bj some 
non-conductor of elec- 
tricity. To the middle 
of the magnet is fixed 
a small ivoiy cistern 

C, for containing mer- 
cury, into which tHps 
the end of the wire 

D. Thus the mag- 
is supported with 

' its north pole down- 
wards, and 19 Iree to 
rotate round its vertical axis, A little mercury should 
he put into the cavity at S, and into the brass cup at 
N, and the ivory cistern be filled sufficiently to establish 
a connection between the magnet and the wire D. 

143. On connecting the cups A and B with the bat- 
tery, the current will flow through the upper half of the 
magnet, causing it to rotate rapidly. If the cups B and 
P form the connection, the current will traverse the 
lower half, equally producing revolution of the magnet. 
Now connect A and P with the battery, and no motion 
will result, because the electricity passes through the 
whole length of the magnet in such a manner that the 
tendency of one pole to rotate is counteracted by that of 
the other to move in the opposite direction. Connect B 
with one pole of the battery, and A and P both with the 
other pole. The magnet will now revolve ; since the 
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current will ascend in one half of its length and descend 
in the other. 

143. Revoltino Wire Frame. The revolutioD of 
a conductor round a magnet is shown by the instrument 
represented in fig. 59. Two light frames of copper 
wire R R are supported by pivots resting on the poles N 

and S of a steel magnet of the 

U form ; a small cavity b^g 

drilled in each pole to receive 

an agate for the bearing of the 

pivot. The lower extremities 

of the wires dip into mercury 

contdned in two circular ci^ 

terns sliding on the arms of the 
D „ , . 

magnet. Bent wues passing 

fivm the interior of the cells sup- 
port the cups A and D ; and the 
cistenis themselves are fixed at 
any required height by means 
of binding screws attached to 
them. Each of the wire frames 
is surmounted by a mercury cup ; into these dip the 
wires projecting downwards from the cups B and C. 

144. The cisterns being partly filled with mercury, fix 
them at such a height that the lower extremiUes of Uie 
wire frames may just touch its surface. The cups sur- 
mounUng the frames should also contain a little mercury. 
On connecting die cups A and B with the battery, the 
left hand frame will revolve, in consequence of the action 
of the north pole of the magnet upon the current flowing 
in the vertical portions of the frame. By uniting C and 
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D with the battery, the other irame will rotate. On 
traasmitting the curreot Itom A to D, it will asceoi ia 
one frame, and passing along the brass arm which sap- 
ports B and C, will descend m the other, causing them 
both to revolve m the same direction. Instead of the 
frame, a single wire may be employed, having the form of 
a loose helix surrounding the pole, its convolutions b^g 
a quarter of an inch or more apart. 

■^■60. 145. Revolving CrLiNnEH. 

This iostrument is on the same 
principle as that last described, 
and the motion takes place 
in the same manner: the only 
difference being (hat two light 
copper cylinders c c, fig. 60, aie 
substituted for the wire frames. 
These cylinders are serrated at 
their lower edge, as shown in 
the figure, to lessen the friction 
which they experience in mov- 
ing through the mercury. The 
cups fOT battery connections are 
lettered in correspondence with 
those in the preceding cut, fig. 59. 

146. In the case of a conducting wire revolving round 
a magnet, the circumstance of the two being joined to- 
gether does not affect the result, the wire monng with 
sufficient power to cause the magnet to turn on io axis 
with considerable rapidity, when delicately supported ; 
a bar magnet is of course employed. A figure and de- 
scription of an instrument designed to show this revQ- 
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lution will be found in Silliman's American Journal of 
Science and Arts, Vol. XL, No. 1, p. 111. ' 

147. The current passing within the roltaic battery 
itself exhibits the same electro-magnetic properties that 
it does while flowing along a conducting wire connecting 
the poles. Hence the battery, if made small and light, 
will revolve by the influence of a magnet. This is 
eSected in the following manner. 

148. Aufeke's Rotating Battery. A small 
double cylinder of copper, closed at the bottom, is sup- 
ported upon the pole of a magnet, by means of an arch 

J% 61. of copper passing across the inner 

cylinder, and having a pivot pro- 
jecting downwards from its under 
I surface, which rests in an agate 
cup on the pole. The inner cyl- 
inder of course has no bottom. A 
cylinder of ^ac is supported by a 
pivot in a similar manner upon the 
copper arch, and being intermediate 
in size between the two copper 
cylinders, hangs freely in the cell. 
This arrangement allows each plate 
to revolve independently of the 
other. In fig. 61 two batteries are 
represented, one on each pole of a 
U magnet, the one on the south pole being shown in 
section ; in this the zinc plate z is seen suspended within 
the copper vessel C. 

149. On introducing diluted acid into the copper 
vessel, an electric current immediately begins to circu- 
8* 
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late, which passes from the zinc to the copper, through 
the acid, and, ascenfUng from the copper through the 
pirot, descends again to the zinc. Hence the zioc plate 
is in the condition of a conductor convejiog a stream 
of electricity downwards, and will consequently revolve 
under the influence of the pole which it suirounds. The 
copper cylinder, on the contrary, is in the situation of a 
conductor conveying a current upwards, aod will rotate 
io the oppofote direction. When there is a battery aa 
each pole of a U magnet, the two copper vessels will 
he seen to revolve in contrary directions, and the two 
zinc cylinders in directions opposite to these, and of 
course also contrary to each other. 

150. Mabsh's VmBATiNQ Wise. A copper wire W, 
^- ®- in fig. 62, 'a suspended 

over a small basm Sot 
containing mercury ex- 
cavated in the stand, 
by means of a brass 
arm supporting a mer- 
cuiy cup, in which the 
upper end of the wire 
rests: thb mode of 
suspension allows it to 
vibrate freely, if its 
lupper end is propeiiy 
bent. Two cups for connection with the battery com- 
municate, one vnth the mercury in the excavation, the 
other with the cup which sustains the wire. 

151. The basin being supplied with a sufficient quan- 
tity of mercury to cover the lower end of the suspended 
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vnre, lay a horse-^oe magnet in a horizontal position <n 
th9 stand, with pne of its legs on each side of the wire. 
On establishing communication with the battery, the 
pdes of th9 magnet will conspire in urging the wire 
eitbec backwards or forwards between thetn, according 
to the direction in which the cuirent flows through it, 
and the position of the magnetic poles. In either ca^e, 
the motion will carry it out of the mercury, as shown 
by the dotted lines in the cut ; and the circuit being 
thus broken, the wire will faJl back by its own weight : 
when the current being rercstablished, it will again quit 
the mercury as before, and a rapid vibration will be 
produced. 

152. The nbration may be made somewhat mote 
active by raising the magnet a little from the stand, and 
nearly to the height of the middle of the wire. Or the 
magnet may be held in a vertical position with one of 
its poles on ^acb side of the wire. The wire will also 
vibrate by the side of a single pole placed either in 
a horizontal or vertical position, but its motion is less 
active. The wire tends to revolve round the pole pre- 
sented to it, as has been explained in '^ 79 ; and when 
suspended between a north and south pole, as in £g. 63, 
umultaneously around both. 

153. Gold Leat Galvanoscope. A glass tube 
fixed in a vertical position between the poles of a steel 
magnet of the U form, as shown in fig. 63, contains a 
narrow slip of gold leaf c, suspended loosely from for- 
ceps connected with a brass cup B, sumiounting the 
tube. The lower end of the slip is held by another 
forceps communicating with the cup E on the stand. 
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When a very leeble current of electricity is transmitted 
fig.S3. through the gold leaf, it will become 
curved forwards or backwards according 
to the course of the current : in either case 
tending to move away from between the 
magnetic poles in a lateral direction ; for 
the same reason that causes the mo^n of 
the wire in the last described apparatus. 
I The instrument does not indicate the 
quantity of the electrical current, as other 
galvanometers do, but is an exceedingly 
delicate test of its existence and direction. 
I A powerful current would of course destroy 
the gold leaf. 
154. Vibrating Magic Circls. An electro-magnet 
M, fig. 64, is supported upon a stand, in a horizontal po- 
sition ; and a circular coil of v'm c is suspended from the 



arm of the upright post S in such a manner as to allow it 
to pass along one of the poles of the magnet, the ring en- 
circling the pole. On making communication with the bat- 
teiy, the coil will move over the pole towards the middle 
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of the magDet, in the same mumet as De la Rive's ring 
already described. When it has passed some distance, 
the electrical circuit is broken by means of the bent wiie 
a, which leaves the mercury cup c. The ring then falls 
back to its prepious vertical posiuon by the side of the 
post S, and the connection with the battery is restored. 
It bthen again attracted by the pole of the magnet, and 
thus a continued vibratory motion is produced. The 
flow of the current through the wires of the electro-- 
magnet is not interrupted by the breaking of the circuit 
in the coil c. 

155. Double Vibrating Maoic CntcLE. In the 

ment represented m 

i two coils A and B 

Qployed, with a steel 

et. One end of the 

fomung eac^ coil 

bent as to dip into 

iry contained in the 

C, when the ring 

: freely; and to be 

1 out of the mercuiy 

it moves over tba 

The double wire, 

liich one of the coils 

[tended, is somewhat 

r than that which 

DS the other, its axis 

ui .uotion being higher in 

proportion. This mequality of length occasions the 

vibrations of the two rings to be irregulariy alternating. 
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156. Bablow's Retolvinq Sfdh-Whbel. The re- 
ciprocating moTement in Marsh's apparatus described ia 
^ 150, may be CMiOTerted iato one of rotadon by making ' 




use of a copper wheel the circumference of which is cut 
inio rays, mstead of the wire. The pobts of the wheel R, 
fig. 66, dip into mercury contained io a groove hollowed 
out in the stand. A more rapid rerolutioD will be obtained 
if a small elecno-magnet be substituted for a steel magnet, 
as is shown in the cut. The electnMnagnet is fixed Io 
the stand, and included in the circuit with the spur-wheel, 
so that the current flows through them io succession. 
Hence the direction of the rotation will not be changed 
by revising that of the corrent ; since the polarity of 
the electro^nagnet will also be reversed. 

157. The course of the current is as follows. Sup- 
pose the cup A to be coooected with the positive pole 
of the battery, and B with the negative : the electric!^ 
will Sow from A through the wire of the electnMnagnet 
N S, and thence to the mercury contained in the groove, 
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wbich is connected with one end of this wire. It 
will then pass along the wheel R, through any point 
which happens to touch the mercury, to its axb, whence 
it will be conveyed by the wire W, to the cup B. 
Under these circumstances, the ray through which the 
current is flowing passes forward between the poles of 
the magnet, like the vibrating wire in Marsh's instrument, 
until it lises out of the mercury. At this moment the 
next succeeding ray enters the mercury, and goes through 
the same process ; and so on. 

158. If the quantity of mercury is so adjusted that 
one ray shall quit its suriace just before the next one 
touches it, a spark will be seen at each rupture of con- 
tact. "When the machine is set in motion in the dark, 
so that it may be illuminated by the rapid succession of 
these sparks, the revolving wheel will appear to be 
nearly at rest ; exhibiting only a quick vibratory move- 
ment, in consequence of the sparks not succeeding 
each other precisely at the same point. This optical 
illusion arises irom the fact, that the electric light is so 
extremely transient in its duration that the wheel has 
not time to move to any appreciable extent during the 
electrical discharge ; and therefore each spark shows it 
in an apparently stationary portion. If the sparks occur 
at one place more frequently than at the rale of eight 
in a second of time, the eye cannot appreciate them 
separately, and the impression of a continuous light is 
received. For this reason the wheel is seen constantly, 
8S if it were illumiuated by a steady light, instead of an 
intermitting one. 

159. At the bottom of the groove in the stand, the 
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extremity of a wire projetits slightly to fomi the con- 
necDon between the tnerCury and the dectro-magnet 
In using the instrument, care should be taken that the 
end of this wire and also the points of the spur-wheel 
are clean and bright, so that they may come into good 
metallic contact with the mercury. 

160. DoETBLE Spus-Wheel. In this instrument 
there are two spur-wheels and two elfectro-magnets ; 
and their arraogemeot is such that the current rises 
through the radius of one wheel, and' passing along the 
axis descends by the other wheel. 

161. Stdrgeon's RETOLTitra Disd. It is not es- 
sential to divide the wheel into rays, in order to obtain 
rotation. A circular metallic disc will revolve equally 
well between the poles of a magnet. In this case, the 
electric circuit remEuns uninterrupted during the entire 
revolution, and no sparks appear as with the spur-wheel. 

162. Page's Revolving Ring. 
This instrument consists of a U 
shaped steel magnet, fixed upon a 
stand, in a vertical position, and a 
circular coil of insulated copper 
wire C, fig. 67, so arranged as to 
revolve on a vertical axis between 
the magnetic poles. The rotation 
is effected in a different manner 
from any previously mentioned. 
The polarity of the ring b reversed 
twice in each revolution, by means 
of a contrivance of Dr. Page's called 
■ a pole-changer, which b employed 
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in m«ay of the iostrumeDts to be hereafter described. 
J%. 68. The pole-chaager attached to the 
"Hog IB seen at P, and a horiieoDtal 

section of it is shown in fig. 68. It. 

consists of two small semiH^ylindrical 
pieces of alver 8 s fixed on opposite sides of the axis of 
motion A, but insulated from that and from each other; 
to each of these segments is soldered one end of the 
wire composing the ring. The battery current is con- 
veyed to the coil by means of two wires termmated by 
horizontal portions of flattened silver wire W W which 
press slightly on opposite sides of the pole-changer, 
whose segments must be so arranged that the direction of 
the current in the ring may be reversed at the moment 
when its axis is passing between the poles of the magnet, 
163. On placing the ring with its axis at right angles 
to the plane of the poles, and making connection with a 
battery, one extremity of the axis, or in other words, one 
face of the coil, will acquire north polarity, and the other 
south polarity, in the same manner as De la Rive's ring ; 
the action of Ithe magnet will now cause it to move round 
a quarter of a circle in one direcdon or the other accord- 
ing to the course of the current, so as to hmig its poles 
between those of the magnet. In this position it would 
remain, were it not that as soon as it reaches it, the pole- 
changer, which is carried round with it, presents each of 
its segments to that stationary silver spring which was 
before in contact with the opposite segment. By this 
movement the current in the ring b first interrupted fw 
a moment, and as the ring passes on is immediately 
renewed in the contrary direction, thus reversing the 



...Google 



98 DAMIEL D1.VIS, JR.'s Hi.K0i.L. 

polarity. Each end of the asb being now repelled bj 
the magnetio pole which previously attracted it, the coil 
turns hair way round so as to present its opposite faces 
to the poles. At this point the direction of the current 
is again reversed, causing the motion to be continued in 
the same direction ; thus producing it rapid revolution. 
Instead of a ring of lai^e diameter, the wire may be 
coiled into a long helix of small diameter, which will 
rotate in the same manner. 

164. Revoltinq Rectangle. This instrument is 
similar in principle to the preceding, a rectangular coil 

Fig.ea. 



of wire C, Gg. 69, being substituted for the ring. The 
rotation is much more rapid in consequence of the 
proximity of the rectangle to the magnet, not only near 
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its poles, but throughout the greater part of its length. 
By this means the great speed of eight or ten thousand 
revolutions in a minute may be attained. Id the cut, 
the two silver springs which press on the pole-changer 
are seen at h h, each of them attached to a stout brass 
wire, proceeding from one of the cups B 6, for battery 
connection ; these wires pass through the brass arch 
surmoun^ng the U magnet, but are insulated from it. 

165. Paqe's RoTATiHC Multiplier. This instru- 
ment con^ts of a "permanent bar magnet fixed in a 
horizontal posiuon within a rectangular coil of wire, 
which is so arranged as to revolve around it on a vertical 
axis. On transmitting a galvanic current through the 
wire, the mutual action between it and the magnet 
causes the coil to place itself at right angles with the 
magnet : at this point the pole-changer, with which it is 
provided, reverses the current, and the coil continues to 
move on in the same direction, revolving as long as the 
battery connections are maintained. 

66. Revolving Ring 
Mi.GN£T. This consists 
circular coil of wire C, 
rO, fitted to revolve on a 
ical axis, which carries a 
-changer at a. So far it 
nobles Page's Revolving 
;. But in this case the 
net M rotates also : for 
purpose it is made of thin 
1, and bent into a circular 
I, with its poles nearly in 
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contact and connected by a strip of brass. The circle 
thus formed is a little larger than' the ooil, and revolves 
freely around it on a vertical axis. A peculiar arrange- 
ment is required in order to utinsmit the voltaic current 
to the pole-changer belonging to the ring. The springs 
which press upon it are connected with two small cylin- 
ders of silver fixed on the axis of motion of the magnet 
and insulated from it, one being a little below the other; 
or a part of the axis itself being made cyliridncal may 
answer for one of them : the wires proceeding from the 
brass cups on the stand press upon these cylinders. In 
this manner the current is conveyed to the springs of the 
pole-changer in a constant direction notwithstanding that 
they are carried round with the magnet in its revolutions. 
When the current is transmitted through the coil, the 
mutual action between it and the magnet causes them 
both to revolve, but in contrary directions ; on the well 
known mechanical principle that action and reaction are 
always equal and opposite to each other. 

167. The arched flame obtained between two char- 
coal poitits attached to the poles of a powerful battery, 
as repesented in fig. 11, will be thrown into a rapid 
rotary motion when a magnetic pole is placed near it. 
This effect may also be very satisfactorily shown by 
pressing one of the battery wires firmly upon a steel 
magnet, and bringing the other wire up to one of its 
poles. The flame which may now be obtained by 
withdrawing this wire a little, will rotate in one direction 
if drawn fit)m the north pole, and in the opposite direc- 
tion if from the south. When the magnet is connected 
with the negative end of the voltaic series, the flame 
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drawn from its north pole revolves from left to right, in 
die direction of the hands of a watch. 



168. Ritchie's Revolving Magnet. A steel mag- 
net of the U fonn is supported upon a stand in a vertical 
position, its poles being uppermost. The revolving piece 
is a small straight bar of soft iron wound with insulated, 
wire ; it has a pivot projecting downwards from its under 
surface, which enters a deep pivot-hole on the top of an 
upright rod so fixed that the iron bar may rotate hori- 
zontally between tfie poles of the U magnet. The two 
extremities of th^vire surrounding this electro-magnet 
descend into a Jvcular basin of ivorj for containing 
mercury, attached to the upright rod a little below tbe 
revolving bar. This basin b divided into two separate 
cells by two low partitions of ivory, so arranged that . 
when the electro-magnet is passing between the poles of 
the steel magnet the ends of the wire may be moving 
across the partitions and just above them. On supplying 
the cells with a proper quantity of mercury, its surface 
will be found to curve downwards on every side towards 
the iyory, so that its general level will he higher than 
tbe partitions ; thus allowing the extremities of the wire 
to be immersed in it except when passing across them. 
A wire connected with a brass cup, for making com- 
munication with tbe battery, projects into the mercury 
in each compartment of the basin. 

169. On transmitting the voltaic current, when the 

9» 
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bar is at light angles to the plane of the magnet, it will 
immediately acquire a strong polarity. Its noith pcJa 
will then be attracted by the south pole of the steel 
magnet and repelled by i^ north pole. The south pole 
of the bar, on the contrary, will be repelled by the 
similar pole of the upright magnet, and attracted by its 
opposite pole. These four forces will conspire in 
bringing the electro-magnet between the poles of the U 
magnet ; as soon as it reaches this position, the ends of 
the wire will quit their respective mercury celb, and by 
the momentum of the bar, which at this moment loses 
its magnetism, will be carried across the partitions, so 
that each will dip into that portion of the mercury which 
the other has just left. This will renew the cuxsuit and 
restore the polarity of the electro-magnet, but in the 
reverse direction. E^ch pole of the bar will now be 
repelled by that pole of the permanent magnet which it 
has just passed, and attracted by the opposite one ; it 
will thus continue to move on, its polarity being reversed 
twice in each revolu^on. 

170. At the moment when the wires quit the mercury 
to pass across the partitions, a spark is seeu. When the 
machine is put in motion in a dark room, these sparks 
give rise to an opucal illusion of the same character as 
that mentioned under the head of Barlow's Revolving 
Spur- Wheel, causing the bar to appear at rest in the 
position it b in when the sparks are emitted. The 
points of the wires which dip into the mercury should 
be kept clean and well amalgamated. The tendency 
of the mercury to be drawn over the partitions may be 
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partially prevented by & little water on ha surface, which 
bowever diminishes the brilliancy of the sparks. 

171. Page's RsTOLViNa Magnet. In this instra- 
mem, represented in fig. 71, the polarity of the electro- 
laguet is reversed, not by 
leans of mercury ,as in the 
ne la^t described, but by 
)r. Page's pole-changer, 
, 163, the segments of 
rhich are so arranged that 
le poles of the revolving 
ar may be changed at 
le moment when it is 
assing the poles of the 
xed magnet. The silver 
jrings which press upon 
le pole-changer are at- 
icbed to two stout brass 
ires which pass through 
le brass arch surmount- 
igthe U magnet, but are 
isulated from it by the 
intervention of ivory or bom ; each of these wires sup- 
ports a brass cup for connection with the battery. In 
this way a more rapid revolution is obtained than with 
Prof. Ritchie's arrangement, but the fine sparks afibrded 
by that do not make their appearance. A still more rapid 
loUtioD may be produced, both in this and in Ritchie's 
instrument, by employing a U shaped dectro-magnet in 
place of the stationary steel magnet. In this case, the 
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revolution is not reversed by- changing the direction of 
the cuireot, as it is when a steel magnet is used, since 
the poles of both electro-magnets are revised at the 
same time, and their rela^ve polarity remams the same. 

172. Rotating Bell Engiite. The general con- 
struction of this iostrament is similar to the preceding, 
the U magnet, however, being inverted, so that the 

J%. 73. revolvhig electro-magnet A, fig. 

near to the stand ; the 
banger being attached to 
is below it. There is, in 
10, an arrangement for 
; a bell fixed above the 
t. To the axis of the 
bg bar is attached an 
s screw S ; this acts upon a 
i wheel, which is provided 
I pin projecting laterally, 
s purpose of moving the 
3r of the bell. As the 

turns, the pin presses 
be handle of the hammer, 

it from the bell until it b 

d by the pin at a certain 

if the revolution ; when a 

.J...— spring fixed to the handle 

impels the hammer agamst the bell. 

173. If the wheel has sixty-four teeth, the electro- 
magnet must revolve sixty-four times in order to pro- 
duce one revolution of the wheel, and consequently 
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one stroke upon the bell. B^ counting the number 
of strokes in a given time, the veloQity of the rotating 
bar may be measured : it often makes one hundred or 
more revolutions in a second. In order that the motion 
of the wheel may raise the hammer, it is necessary to 
transmit the battery current so that tbe bar may rotate 
m the proper direction. 

174. Electro-II^agnetic Seasons Machine. In 
the instrument shown in fig. 73, the revolving magnet a 
imparts motion to an astronomical machine, representing 
the rotation of the earth and moon round the sun. The 
earth and sun revolve round a common centre of motion 
near the latter, which is represented by a gilt bait S ; 
the earth also rotates on its axis. The a^ of the earth 
has its proper «bliquity with respect to the ecliptic, and 
preserves its parallelism, pointing in the same direction 
during the whole revolution. These circumstances oc- 

Fig. 73. casion the north pole to be in- 
clined towards the sun in one 
half of the orbit, and the south 
pole in the other, the degree of 
inclination constantly varying. 
This, in the case of the real 
earth, is the cause of the varia- 
tion of the seasons and of the 
unequal length of the day and 
night. The moon is also seen to 
2 revolve around the earth, attend- 
ing it in its course round the sun. 

175. Dot^LE Revolting Magnet. In this instru- 
ment, represented in fig. 74, there are two semicircular 
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electro-magnets of the same e 
Fig.li. 



, both of which hare 

freedom of motion. 

The lower semtcircle 

is supponed by a [Hvot 

entering the upright 

pillar below it; its 

own axis is hollowed 

to receive the pirot 

on which the upper 

semicircle revolves. 

At D, in the 6gure, 

b seen a contrivance 

for conveying the cur- 

j|reQt in a constant 

directioD, of the same 

kind as that applied to the Revolving 

Ring and Magnet, i^ 166, and which 

therefore need not be again described. 

176. Fig. 75 represents another form 
of the instrument, in which (he upper 
electro-magnet is supported on the lower 
one without the aid of the brass arm and 
pillar, seen in the preceding cut ; thus 
admitting of the use of a small circular 
stand. This figure is lettered in cor- 
fc^respondence with the above. 
177. The cups CC heingconoected with the battery, 
the current will flow along one of the wires W W, to 
one of the silver rings secured to the axis at D, thence 
through the wire enveloping half of the lower electro- 
magnet, to one of the springs playing on the pole-changer 
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at P ; it then traverses the wire surrounding the upper 
electro-magnetjwilb which the pole-changer is connected. 
Descending now to the opposite spring at P, it circulates 
around the other half of the lower semicircle, and thence 
back to the battery. By this means the poles of the 
upper semicircle are reversed twice in each revolution, 
while the polarity of the lower one remains unchanged. 
The upper electro-inagnet will consequently rotate ra 
the same manner as those in the instruments we have 
just described, while the lower one will move in the 
opposite direction, on the principle of reaction ; its own 
poles being of necessity attracted and repelled with 
equal force while they are attracting and repelling those 
of the upper one. It would revolve as rapidly as the 
other, were it not that the friction of its axis is doubled 
ID consequence of sustaining the weight of both electro- 
magnets. By holding the other stationary, however, 
the lower one will acquire a considerable velocity, which 
it will retain ibr a while when its fellow is released ; their 
rapid motion causes them to present the appearance of 
a hollow sphere. 

178. Magnet retoltinq 

BY THE EaJITh's ACTION. As 

the earth itself exhibits mag- 
netic polarity, an electro-mag- 
net may be made to revolve 
by its influence; though, in 
consequence of the feebleness 
of the action, the instrument 
must be constructed with some 
delicacy. A small electro- 
magnet N S, Gg. 76, is so 
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supported as to have freedom of motion in a verbal 
plane like tlie dipping needle, a pole-changer being 
secured on its axis of motion. The springs which 
press upon the pole-changer should be disposed in such 
a manner that the polarity of the bar may be reversed 
when in the course of its revolution it reaches the line 
of the dip, 

179. On placing the electnMnagnet borizontally in 
the magneuc meritSan, that b to say, with its extremities 
directed north and south, and transmittbg the voluic 
current, its north pole ^m tbb hembphere) immediately 
uiclines downwards towards the earth, in the same 
manner as that of the dipping needle. As soon as it 
arrives at the line of the dip, its poles are reversed, and 
it continues to move on in the same direction as long as 
the battery connecUons are maintained, revolving with 
a moderate velocity. In high latimdes it will be suf- 
ficient to arrange the pole-changer so as to reverse tbs 
poles of the bar when it becomes vertical. 

180. By placing a steel magnet in a proper portion 
near the revolvuig bar, it will rotate with much greater 
speed than by the acUon of terrestrial magnetbm alone ; 
its motion may be reversed, notwithstanding the opposing 
influence of the earth, by dbposmg the permanent mag- 
net in a suitable manner. 

181. The electro-magnet may be so fitted as to re- 
volve horizontally instead of vertically. In this case 
the springs of the pole-changer must be arranged in such 
a manner as to reverse its polarity when it assumes the 
position of the compass-needle, pointing north and 
south. 
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182. Page's Retoltiko Aruatdbe. A small b&r 

of iron, Dot vound with wire, is fitted to revolve hori- 

zontally just above the poles of an electro-magnet of the 

U fonn, fixed in a vertical position ; as seen in fig. 77, 

•grhere A is the iron bar, and M the electro-magnet. 

The TOtadon is ejected by means of the following ajv 

rangement. To the axis of motion of Uie iron bar is 

affixed what a called a bredkpiece, made by filing away 

two opposite sides of a small solid cylinder of silver. 

Upon the narrow pronunent portions thus left, play two 

silver springs, shown at W in iba 

< cut, opposite to each other. On« 

' of these springs is connected with 

a brass cup on the stand ; the other 

communicates with one extremity 

I of the wire enveloping the electrc^ 

magnet, the other end of this vim 

being fixed to a second cup on the 

stand. The breakpiece is so ftr- 

raoged as to release the springs 

from their hearing just as the 

armature passes over the poles; 

and to restore them to it again 

when it has moved on somewhat 

more than a quarter of a circle, so 

l^as to be a little inclined from a 

position at right angles to the plane of the magnet. 

10 
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183. On placing the bar in this positicMi and cixiDect- 
ing the cups on the stand with a battery, the electro- 
magDet will become charged, and consequently will 
Attract the armature towards its poles ; as soon as it 
reaches their plane, the spiings leave the projectiDg 
parts of the breakpiece, and the cuirent is cut off. The 
pi^ari^ of the magnet is now destroyed, and it ceases to 
attract the amiature ; which mores on by the momentum 
it has acquired, until it passes a little beyond a po«tioa 
at right angles to the plane of the magnet. At this 
point the springs again come in contact with the break- 
piece, and the Sow of the current b renewed. The 
attracti<Hi now exerted by the poles gives a new impulse 
to the armature, and the circuit being agtun broken 
when it reaches their plane, it continues its motion in 
the same direction, revolving with great speed. 

184. In the original form of the breakpiece, one of 
the springs pressed constantly upon a portion which was 
left cylindrical ; but this is disadvantageous where only 
one electro-magnet is to be charged, as it increases the 
fiiction. Care should be taken that the springs are in 
such a state of tension as to open and close the circuit 
at the proper points, as indicated in the above descrip- 
tion. The motion of the bar will not be reversed by 
changing the direction of the current. 

185. HomzONTAi. Revolvino Armatuhes. In this 
instrument there are several armatures fixed to the eir* 
cumference of a vertical brass wheel, and parallel to its 
axis ; in fig. 78, three are represented, each of them 
marked A- On the poles of the electro-magnet M 
is secured a brass plate, from which rise two brass pillars 
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to support the axis of the wheel : as the wheel turns, the 
iron bars pass in successiou over the poles with their 
extremities very near to them. 
At B, on the shaft of the wheel, 
but DOt insulated from it, is the 
breakpiece, consisting of a small 
metallic disc, from whicb project 
■ in a lateral direction, several pins, 
equal in number to the iron bars ; 
or the disc may be furnished with 
a corresponding number of teeth. 
A silver spring connected with 
one end of the wire surrounding 
the electiD-magnet plays upon 
these pin^ or teeth ; the other end 
of this wire is soldered to the iron 
of the magnet, which brings it 
into metallic commimication with 
kthe shaft by means of the brass 
plate and pillars. Or the wire may be termmated by a 
second spring pressing upon a cytmdrical part of the axis, 
186. The bretdcpiece is arranged in such a manner 
that the electro-magnet will be charged when any one 
of the iron bars is brought near it by the motion of the 
wheel. The approaching armature is then attracted 
towards the poles ; when it arrives at the plane of the 
magnet the current is cut off, in consequence of the 
corresponding pin cv tooth releasmg the silver spring 
from its bearing. The armature being no longer at- 
tracted, the wheel moves on by its momentum till th« 
next bar comes into the same position, causing the 
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nu^et to be recharged ; it a tbeo attracted in its turn, 
ind passes oa like tbe preceding one. 

1S7. Tbe spHog playing oa the breakpiece must be 
80 disposed that tbe circiut ^11 be broken when each 
bar reaches the poles, and not be renewed again until 
it has passed to a greater distance from them than that 
between the next succeeding bar and the poles, or it 
will be attracted back again, preventing the continuance 
of the iDotion. 

188. In diis and many of the iastruments of the same 
class, an eleclro-tnagnet of a peculiar construction may 
be employed with advantage. Instead of a sfdid bar 
within the helix, there is an iron tube filled with wires 
of the same metal ; tlie tube is sawed open on one side 
throughout its whole length. By this arrangement the 
magnetism is acquired and lost with greater rapidity 
than by a solid bar. 

189. Pack's RcciPitocATDrG Ehgihe. Two U 



shaped electro-magnets, M M, fig. 79, are Gitnly secured 
in a verLical position on a. stand, the four poles appearing 
just above a small wcwden table. The two armatures, 
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A A, connected together bjr a brass bar, move upon a 
borizontal ksHs in such a manner that while one is 
approacbing the poles of the magnet over which it is 
placed, the Mber is receding from those of the other 
inagnet. The brass bar is connected with one extrem- 
ity of a horizontal beam, the other end of which com- 
ntimicates motion by the intervention of a crank to 
the fly-wheel W. To the axis of the fly-wheel at B 
is ^ed the silver breakpiece, by means of which the 
magnets are alternately charged. It is »nular to the 
one described under Page's Revolving Armature, '^ 183; 
there erO] however, three springs, one playing upon a 
cylindrical portion, the others upon two dissected por- 
tions of the breakpiece. Each magnet hdng charged 
ID succesnoD, the armatures are attracted alternately, 
communicating a rapid reciprocating motion to the beam 
and consequently a rotatory one to the fly-wheel. 
190. Upright Reciprocating Kirena:. In this in- 
Btniment, represented in 
fig. 80, the armatures A 
A, which are semicircular 
instead of being straight 
as ID the one last de- 
scribed, are each affixed 
to one extremity of a 
vibrating beam, which 
imparts motion to a bal- 
ance wheel placed above 
9 the magnets. At W are 
seen the three springs 
which play upon a break- 
10* 
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piece fixed to the axis of the wheel. The motion is 
produced in the same manner as in Page's Engine. 

191. Fig. 81 represents another form of the instrament 
~ vMch is more compact. The 

electro-magnets, M M, are secur- 
ed to a circular stand ; and the 
straight armatures, A A, are ccm- 
nected by a short beam, which 
communicates motion by means 
of a bent lever and crank to the 
fly-wheel. In other respects 
its construction is »milar to that 
of the preceding instrument. 
At B' is the breakpiece with the 
three silver springs, mariced W, 
pressing upon it. 

192. Reciphocatino Bell Enoink. Two electro- 
magnets of the U form, M M, fig. 82, are supported in 
a horizontal portion, with a smgle armature A fitted to 



vibrate horizontally between them. This armature im- 
parts motion by means of a crank to the fly-wheel W, 
and at the same time to machinery by which a hammer 
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is made to stnke the bell placed over one of the magnets. 
The breakpiece is the same as in the three precedmg 



193. When the battery connections are made with 
the cups on the stand] one of the magnets will be 
charged, provided the breakpiece b in such a portion 
with regard to the spnngs as to complete the circuit. 
The armature will now be attracted towards the charged 
poles. Just befcffe it reaches them, the movement of 
the breakpiece will interrupt the current in the magnet, 
destroying its polarity, and then cause the current to be 
transmitted through the opposite one ; this will become 
charged in its turn, and attract the iron bar A, which 
will thus vibrate backwards and forwards between the 
two magnets. 

THEaHO-ELGCTBIC BETOLTTTIONB. 

194. Therho-E^ectaic Revolviho Arch. It has 
been shown that when a galvanic current flows through 

fV83. ft helix, such as De la Rive's 

rmg, ^ 130, its faces acquire 
polarity, and if free to move, 
arrange themselves north and 
south. In fig. 83 there is a 
stand suppordng an upright 
brass pillar with an agate cup 
at the top. On this is bal- 

■ anced by a pivot at A an arch 

\ of brass wire, the two ends of 
\ which are connected by a 
^^^^^^^^^^^German silver wire encircling 
^^^^^^^» the pillar. 
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195. If tbe stand be arranged according to the ftaata 
of the compasa, and one of the jimctitMu of the hax 
and German silver be heated by a spirit lamp on the 
east side of the stand at E, a thermo^ectric current 
will he set in motion fitun the Gennan ^rer thiou^ 
tbe heated junction to the brass, and back through the 
arch to the Gennan slrer. The current ibna established 
gives polarity to the iaces of the arch, as if it were an 
heliacal ring ; circulatbg in such a direction that tbe 
face which is turned towards the north exhibits south 
polari^. Since the magnetic pole of the earth thero 
ntuated is itself a south pole, as has been stated in 
^ 103, similar poles will be pres«ited towards each 
othM", and the arch will be obliged to make a semi- 
revolution on its axis in order to present its oorth«n face 
to tins pole. This movement will bring the other junc- 
tion into tbe flame, and a current will be produced ofH 
posite to the former one, which will change the polarity 
of tbe arch and oblige it to move on through another 
semi-revolution. Thus the currents are reversed, and 
slow rotation ensues. Thb is probably the most deli- 
cate reaction between the magnetism of the earth and a 
current of electricity wtucb has ever been observed. 

196. If the lamp be put to the south of east, the heated 
junction of the arch will move round by the south ; if it 
be put to tbe north of east, tbe heated junction will 
move round by the north ; just as a contpaes-needle, if 
its north pole b made to point south, will return to its 
natural position either by the east or west, if it is inclined 
to the one or the other. If the spirit lamp be placed 
exactly west, or at W in the figure, the curreirt which 
is excited will tend to keep the arch stationary, by 
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causBg the face which exhibits north polarity to be 
directed towards the umth wtagnttiepoU of the earth. 

197. Thermo-Electric Revolting Abch oh U 
**■ "■ Magnet. If a thermo-electric aich, 

K. B, fig. 84, sinular to the one just 
lescribed, be balanced oo one of the 
[>ole8 of a U magnet, the reaction 
letween the polari^ induced in it, 
:>y beating one of its jiincdons, and 
he magnetism of the (^poiite pole 
)f the magnet, will be niuch more 
^nei^tic than in the former case 
vith the earth. It resembles, in 
pjinctple. Page's ReTolving Ring, 
^ 162, only that it is attracted and 
-epelled by a angle pole instead of 
::wo, the pole on which it b sup- 
[Xffted having no influence upon it. 
b this and other instruments of the 

same kind, the upper part of the arch may, with equ^ 

advantage, be of silver instead of brass. 

198. The most favorable pontion ibr the lamp is 
not that represented in the figure, but at a ri^t angle 
inth the line connecting the two poles, and in a line 
with the pole on which the frame is mounted ; or in a 
ntuation analogous to the east side of the stand of the 
last described instrument. By varying the lamp to cme 
side or the other of this portion, the arch will isvolva 
in either direction, as bef<»e. On the oppo»te side of 
the pole the lamp would have no tendency to produce 
revolution ; though if the arch were mounted on the 
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south pole, the lamp should be on tbe futber side of the 
magnet, and in a. line with that pole, in order to cause 
rotation. 

199. Thekho-Electric Revolting Wire Frames. 

This instrument, represented in fig. 85, consbts of two 

*• ■ frames inounted~upon the poles of a U 

I magnet. These frames are formed of 
two arches, or rather rectangles, similar 
in construcuon to that in the last m- 
slrument, crossing each other at right 
angles j and they act on the same 
principle as that, the second rectangle 
only contributing to the rotation pro* 
duced by the first. In each individual 
rj rectangle the current is reversed every 
half revolution. These were forraei4y 
made of nlver and platinum, but since 
the recent observation of tbe superioiv 
ity of German silver m combuiation 
with brass or stiver, these substances are employed. 
The lower horizontal portions of the Irames, mailed G 
G in the cut, are composed of German silver, and the 
other parts, a s, of silver. A firame is usually mounted 
on each pole ; the Utractions and repulsions of each 
frame proceeding altogether from tbe opposite pole. In 
order to heat the junctions of both framra at once, the 
lamp is placed between the two poles, by which there is 
a loss of attraction and repulsion to each firame through 
die distance of 90°, in which the heat would act, if two 
lamps were employed at right angles to the lioQ of 
juncdoQ of the poles. 
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300. Thkemo-Electric Arch botatiits between 
THE POLES or A U Maqnxt. Fig. 86 represQiita a 
thermo-electric arch mounted upon a brass pillar between 
the poles <rf a horse-shoe magnet ; the circular part G 
I^. 8& is of GOTman silver, and the upper 

part A of silver. In this case, both 
poles conspire in producing revolu- 
tion, the motion of the arch depend- 
ing upon the same principle as that 
of Page's Revolving Ring; the di& 
ferent mode of reversing the current 
in this instrument, bowever, causes 
the arch to rotate in either direction 
when the lamp is in front of the ma^ 
net, and to remain at rest when the 
lamp is on the other side. A stand 
to support the lamp slides on the 
brass pillar, and is fixed at any re* 
quhed height by means of a lunding 
_^_^_^ I screw. The lamp should be placed 

in the position represented in the cut, in front of the 
magnet, its north pole being on the left. 

201. When either of the junctions is in the flame, a 
current will flow from the German silver to the silver, 
ascendiog by the heated side of the arch and descending 
by the other. That face which is presented towards 
the north pole will possess north polarity, and the other 
face south polarity, according to the rule given in i^ 121. 
The influence of the magnet will now cause the arch to 
turn half way round, so as to present its southern face 
to the north pole. This movement brings the other 
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jiinetM» into Ibe Autm ; the polarity of dte aicb is re- 
veised, asd k moves ea as be&iiv. 

203. If the lunp be placed in Aa eorrespooding po^ 
tion oa the othar side of the nngoet, the direction of the 
oiuroDt will be such that the southern face of the arch 
viU be presented towanb &e north pole. In this posi- 
tion the arch tends to remain, returning to it when moved 
to either side ; sad ctmseqtieBdjr no revcdution can be ob- 
tained. Care should be tak^ eot to allow the junctioa 
to remain so long in the flame as to melt the hard soldw. 
203. DoDBL.lL Theuto-Eusctric Retoltino Abch. 
In this instrument, two arches, a and b, Gg. 87, are so 
1^.87. mounted as to revolve 

between the poles of a 
U magnet fixed in a 
horizontal portion. The 
horizontal portion of the 
t arch a is of German sil- 
^^^^^^^^^^^^^^^^\ver, and the upper part 
^*^^^^^^^^^^^^^^^* of silver ; while in b the 
lo^er porti<»i is of silver, and the upper part of Genoan 
silver. A single lamp is so placed as to h^t both arches ; 
the current excited in each will ascend on iu right side 
and descend on its left side, because the beat is applied 
to the right junction of a and to the left of b. Each of 
them now presents a north pole towards the north pole 
of the magnet, the currents circulating in the opposite 
direction to that of the hands of a watch. They will 
consequently both revolve, either in the same or io op- 
posite directions. If the arches be transposed, so that 
b occupies the place of a, n^Uier of them will move as 
long as the lamp is in the position represented in the cut 
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204. Electko-Magngtisu as a hotite powsb. 
The strong attractive force and the great velocity of 
motion exhibited by many of the small electro-magnetic 
instruments naturally suggested the application of this 
power to the purposes of the arts as a mechanical agent ; 
and numerous experiments have been made with thb 
view, but hitherto without success. Prof. Henry was 
the contriver of the first instrument whose motion de- 
pended upon magnetic attraction and repulsion : in his 
little machine, an electro-magnet, whose polarity was 
alternately reversed, was made to vibrate above the 
north poles of two straight steel magnets. He, how- 
ever, made no attempt to apply this power to practical 
purposes. There are many obstacles of a purely me- 
chanical character in the way of its employment; these, 
though important, are not perhaps insurmountable. But 
the most serious difficulties are those which seem to be 
inherent in the very nature of the power. The motion 
of the attracting poles of two electro-magnets towards 
each other, actually lessens the attractive force in pro- 
portion to the velocity with which they approach : the 
same thing occurs in the recession of mutually repelling 
poles. These phenomena are due to the influence of 
secondary electric currents produced by the motion, as 
will be explained hereafter, which flow against the 
battery current, and of course partially neutralize its 
magnetizing power. The secondary currents present 
a very formidable obstacle, as their opposing influence 
increases with the size of the machine in a rapid ratio. 
To their action and that of some other causes, is owing 
the fact, which was early discovered by those engaged 
11 
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ia these investigations, that the smallest machines pos- 
sess by far the greatest proportional power. 

III. BY THE INFLUENCE OF THE EARTH. 
205. It has already been stated (^ 92) that a mag- 
net freely suspended assumes a certain direction with 
respect to the earth. Now ii* an unmagnetic bar of iron 
or steel be placed ia this posiuon, that is, in the line of 
the dip, it will be found to acquire magnetism by induc- 
tion from the earth. That extremity which is directed 
towards the north pole of the earth will have north po- 
larity, and the other end south polarity. 

Exp. 35.— Take a rod of soft iron, and holdiag it horiiontallj, 
bring it near to a msgnetic needle. .In this poailion the eulh 
exerts Tery little inductive action upon it, and each end will at- 
tract indiscriminately either pole of the needle ; showing tiiat It 
possesses no perceptible magnetisai except that induced in it by 




tlie needle, and which is the cause of its attractioD. In 6g. B8, 
A B repreaenta an iron bar presented in this manner to the north 
pole of the needle. Now keepiog the end B in the same place, 
raise the end A so as to bring the bar into the position C D. The 
north pola N will recede from C, aa the bar is raised, as indicated 
by the dotted lines in the cnt. The npper ood of the bar D, on 
the contrary, wiU be found to attcut N, and repel S. These 
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facts sbow that C D has become magnetic, C beiDg the north 
pole. On reversing the bar, ao aa to bring the end D doiTowarde, 
C will immediately become the south pole : thua the polati^ of 
the rod may be chsnged at pleasure, the induced ntagnetisra 
being only temporary. If tho bar be brought very near to the 
pole of the needle, the inductive action of the earth will be over' 
powered by that of the needle, cauaing attraction to be exhibited 
in every position of the bar, 

206. Except in places near 'to the equator, it is 
sufficient tp hold the bar vertically, as the line of dip 
approaches to the perpendicular in high latitudes. In 
consequence of this inductive action of the earth, all 
large bars of iron standing in an upright position arc 
more or less magnetic, their lower ends, in this hemi- 
sphere, being north poles. Where they have remained 
for a long time in this situation, the polarity does not 
disappear on changing their position. 

2Q7. The induction of magnetism by the eartli is 
greatly facilitated by caudng a motion among the par- 
ticles of the bar, as by percussion or twisting. 

ExF. 36. — Place a rod of iron or steel in the proper position, 
vritb its tower end near the north pole of a magnetic needle, but 
at a sufficient distance to avoid the repulsion of the pole by the 
bar in consequence of the magn^ism induced in it under these 
Fig. 89. circumstances. Now strike 

j^ the end of the bar with a 

^BK hammer, as represented in 

_^^^^^ fig. 89, and the pole will be 

y ^^gl instantly repelled. The po- 

^"^te^ larity thus induced will not 
^^ be reversed by merely in- 
verting the rod, but the aid 
of percussion will also be re- 
quired, in order to remove or 
reverse the magnetism. 
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Exp. 37 f — Take a piece of iron wire, and placing it in a vertical 
position, twist it powerfully. It will then be found to have ac- 
quired the power to austain iron filings 6t ita extremities, and to 
Fig. 9 



turn itself north and south, when balanced upon a pivot, as shown 
in fig. 90; the end which waj downwards being its norlli pole. 

208. The magnetism in these cases is not due directly 
to the percussion or twisting, which merely favors the 
action of the earth. A considerable degree of perma- 
nent magnetism may be communicated to a steel bar, 
by placing it vertically on a large masa of iron and 
striking its upper end repeatedly with a hammer : it will 
acquire much greater power if struck while resting on 
iron than on any other substance. 

209. Percussion may be used to facilitate the removal 
of magnetism. Thus the polarity of a steel magnet may 
be lessenedjOr even entirely destroyed, by repeated blows 
of a hammer, while held horizontally east and west. 
This process is very convenient for removing slight 
degrees of magnetism from iron or steel bare. Merely 
falling upon the floor will often injure the power of a 
magnet considerably, in consequence of the vibration 
excited among the particles of the steel. 
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m. 

INDUCTION OP ELECTRICITY. 

I. BY THE INFLUENCE OF A CURRENT OF 
ELECTRICITY. 



910- That branch of the science of electricity which 
treats of the phenomena presented hy it when at rest, 
b termed Electrostatics : the branch which relates to 
electricity in motion, is called Ekdro-^ynamict. The 
phenomena which characterize the latter state are classi- 
fied by Faraday as follows ; " The effects of electricity 
in motion or electrical currents may be considered as 
1st, Evolution of heat ; 3d, Magnetism ; 3d, Chemical 
decomposition ; 4th, Physiological phenomena ; 5th, 
Spark." 

211. Many of the phenomena presented by electricity 
in motion being closely related to magnetism, are usually 
treated of in connection with that subject, as in the 
present case, rather than with electricity. 

312. Before entering upon the particular subject of 
the present section, that is, the induc^ve action of cur- 
rents, it will be advisable to occupy a few pages with 
a comparison of the phenomena exhibited by electricity 
in the two states of motion and rest, as induction is ex- 
11* 
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erted in them both ; it has already been intimated (^ 3) 
that the inductive action is diSerent in the two cases. 

213. In the case of elsctricily at rest, two bodies, 
chained either positively or negatively, repel each other ; 
while if one is charged with positive and the other with 
oegaUve electricity, they exert a mutual attraction. 
Electrical currents, on the contrary, attract each other 
when flowing parallel in the same direction, and repel 
each other when fiowiog in opposite directions. The 
rrault IS the same whether two di£erent curreats or two 
portions of one curreot be experimented upon. 

214. The instrument represented in Gg. 91 is designed 
to exhibit the attracrions and repulsions of currents- 
Two wooden troughs for containing mercury are sup- 
ported opposite to one another, each being divided into 



Fig. 91. 




two oblong cells fc 
partition in the middle. 
Each of the four por- 
tions of mercury dius 
insulated, b connected 
by means of a wire 
projecting into the 
cell, with one of the 
binding screw cups 
cfised at the ends of 
the troughs. The 
points of two rec- 
tangular wires A and 
B rest in the opposite 
compartments of the 
troughs ; this mode of 
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support allows the wires to be placed nearer to or farther 
fiom each other at pleasure, still remaining parallel. 
These wires are balanced by two brass balls A 6, attached 
to them below, which are capable of being raised ot 
depressed by means -of a screw cut in the wire; they 
may thus be so adjusted that the wires will be moved 
from tbeir vertical position by a very slight force, their 
upper portions rocking towards or away from each other 
without requiring any motion of the points of support. 

915. Cups C and E being united by a copper wire, 
connect cups D and F with the galvanic battery. The 
current will now traverse A and B in succession, Sowing 
in the same direction in both, and they will be seen to 
incline towards each other. The motion is slight, but 
may be made considerable by breaking and renewing 
the circuit in correspondence with their oscillations. The 
same effect will be produced by uniting D with F; and 
COTinecting C and E with the battery. If a powerfiil 
current is employed, the wires will still attract each other 
when separated to a considerable distance, by moving 
the points which rest in the mercury to the farther ends 
of the cells ; with a feeble battery, the wires should be 
placed near to one another. 

216. Now unite C with D, and connect E and F with 
the battery. This will cause the current to flow in op- 
posite directions in the two wires, and they will recede 
from each other; the extent of the motion may be in- 
creased as before by alternately opening and closing the 
circuit. Cups C and D may be coftnected with the 
battery with the same result, E and F being united by 
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217. The current, iostead of traversing the wires in 
succession, may be divided into two portions by uniting 
C with D, and E with F, by two wires, and then con- 
necUng the battery either with C and F or D and E. 
In this case the two portions of the current will Sow in 
the same direction in A and B, causing them to attract 
each other. By uniting C with E, and D with F, the 
currents in A and B will be in contrary directions, and 
the wires will exhibit a mutual repulsion. The move- 
ments produced by a divided current will be feebler than 
when it traverses the wires in succession, unless the 
battery empl<^ed is so powerful that one of the wires 
singly is not able to convey tbe whole of the electricity 
supplied by it. 

SIS. These attractions and repulsions are sometimes 
called magnetic, the two currents when flowing side by 
side, acting upon each other like two magnets presented 
end to end. In fact, if two short pieces of iron wire 
be suspended end to end, and at tight angles to tbe 
conducing wires, the magnetism induced in them by 
tbe currents (see Exp. 22) will cause them to exhibit 
similar attractions and repulsions to those of tbe wires 
themselves. It is, however, preferable to regard this pe- 
culiar action as a primary one ; it being highly probable, 
though not as yet certain, that the polarity of even a steel 
magnet is due to electric currents circulatmg within its 
substance. The mutual actons of two magnets or of 
a magnet and a current would thus be secondary 
effects, depending upon the attractions and repulsions 
just described. 

219. It is not essential that the current should tra- 
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verse metallic wires in order to produce these e^cts. 
Two streams of electricity flowing through a vacuum, 
or even through the air, will exhibit the pfaeooraeua in 
a very satisfactory manner, 

Etp, 38, — The attraction of currents moving in tjie nme di- 
rection may be shown by means of frictional electricitj, in tho 
following manlier. Connect the inner coaUngs of two Leyden 
jars witti either the positive or negative conductor of a coquqod 
electric machine, their outer coaUngs being insulated sufficiently 
from each other to prevent the passage of a spark between them 
when the jars are discharged in the mode about to be described. 
With the exterior coating of each jar is connected a wire having 
one end free. These ends are lefl free for the purpose of being 
placed aa a card over which the charge is to be passed. Ttie 
common enamelled cards should be used, aa thej receive a dark 
colored and permanent mark from the pasaage of the spark over 
their surface. A third wire, attached to the discharging rod, ia 
also to rest on the card, at auch a distance from the two other 
wires that the sparks from the jars may be able to pass. The 
ends of the wires proceeding from the outside of tho jars should 
he placed a quarter or a half of an inch apart, and nearer to ons 
another than to the third wire, which is to be equally distant from 
both, so that if two straight lines were drawn from it to them they 
would form the letter V. The jars being charged {during which 
process the exterior coatinga should, of conrse, be uninsulated), 
arrange the points as directed, and bring up the ball of the dis- 
charging rod to the conductor. The inner coatings being con- 
nected, and the outer onea insulated, the current is oblig^ed 
to divide into two portions as it proceeds from the point attached 
to the discharger to those in connection with the outside of the 
jars. The two sparks will thus pass simultaneously over the sur- 
face of the card, and were they unaffected by each other, would 
leave a mark in the shape of the letter V. It will be found, on 
the contrary, that the tracks lefl on the card will be more or 
leas in the form of the letter Y, the two currents coalescing in 
their passage over its surface. The result will be the same 
whether the jars he charged positively or negatively on the inside^ 
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If the wire connected with the discharger be placed under the 
card while the olhera are on the upper side, it will be perfo- 
rated in one or more pkcea by the paseage of the electricity. 

Exp. 39. — The experiment nay be varied, by connecting with 
the di«charging rod a wire whose ends may both rest on the card 
al the same distance from each other as that between the two 
wirea attached to the exterior coatings of the jars. The two sets 
of pointa being arranged parallel to each other, and their dis- 
tances properly adjusted, the two currents will remain separate 
during the whole of tbeir paaaage over the card; and it will be 
seen by the marka which they leave, that instead of proceeding 
in straight and parallel lines, they form curves whose convexity 
is turned towards each other. The curvature of the lines is 
greater in proportion to their proximity; if the points are placed 
too near together, both currents will flow in one track, not sepa- 
rating until they reach one of the wirea connected witli the out- 
side of the jara. The resistance of the air and other causes often 
occasion a stream of electricity to follow a very crooked path in 
passing over a card. Hence the lines traced by the two currents 
in these experiments may be very irregular, though the tendency 
to converge is perfectly evident. 

220. Electro-Dtnamic Revolting Ring. The 

mutually attrac^ve and repulsive action of currents may 

I^, 99. be made to produce a revolution 

analogous to some of those strictly 

called electro-magnetic ;~ as in the 

instrnmeut represented in fig. 92, 

which consists of a coil of insulated 

wire B fitted to rotate on a vertical 

axis within a larger one A, mounted 

on a brass pillar. The inner coil 

has a pole^hanger fixed to its axis 

of motion for the purpose of reversing 

k the current twice in each revolution. 
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The current may traverse the two coils in succession, 
or be divided between them, but its direction must be 
changed only in B. 

021, The coil B b^ng placed at right angles to A, 
and the cups on the stand connected with the galvanic 
battery, the faces of each coil immediately exhibit north 
and south polarity, like those of De la Rive's Ring 
('^ 130); and B is obliged to make a quarter of a revolu- 
tion in order to bring its north pole within the north pole 
of A, the two coils coirespondiog in direction. As soon 
as B leaehes this position, the current is reversed by 
means of the pole-changer, and its south pole now bebg 
within the north pole of A, it continues to move on in 
the same direction. The motions in this case depend 
upon the same principle as those of the wires in the in- 
strument represented in fig. 91 ; but it is more convenient 
to refer them to the polarity exhibited by a current 
flowing in a circle, as was done in describing Page's 
Revolving Ring. 

222. It is, however, easy to explain the revolution 
with direct reference to the mutual action of the currents. 
As these circulate in the same direction in every convo- 
lution of each coil, they may be regarded as two single 
circular currents. Now suppose the current in A to be 
ascending by the left side and descending by the right 
side of this coil. If B be placed at right angles to A, 
with its current ascending by the side towards the spec- 
tator, this side will he attracted by the left side of A 
and repelled by the right. The farther side of B, on 
the contrary, will be repelled by the left side of A, 
and attracted by the other. These forces will conspire 
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in bringing B into the same direction with A ; when the 
current being reversed, each side of B is repelled hj the 
corresponding one of A, and it is obliged to continue its 
motion, revolving frcnn left to right. 

323. Portions of the same or of difierent currents 
moving in a continuous line rejTel one another. Hence 
a short wire whose ends rest in two mercury cups inter- 
posed in the circuit of a galvanic battery, consisting of 
a few pairs of veiy large plates, and in vigorous acti<»i, 
will be thrown out of the mercury at the moment of 
completing the circuit. ■ The repulsion is here exerted 
between the immediately succeeding portions of the 
current, as it passes from the mercury to the wire, and 
also as it leaves the wire to enter the other portion of 
m«cury ; the forces thus acting at each end of the wire 
will conspire in raising it out of the cups. 

394. An electriSed body attracts light substances in 
its neighborhood, having previously induced in their 
nearest ends the opposite electricity to its own ; and on 
their approach communicates to them a part of its 
charge, when, if insulated, they are instantly repelled 
by it. A wire conveying a current exerts no such in- 
fluence upon light bodies, although placed in the imme- 
diate vicinity. 

225. We now proceed to consider the inductive 
action of currents, taking first in order those phenomena 
which are referred to the induction of a current on itself. 
When the poles of a small galvanic battery, consisting 
of a single pair of plates, are connected by a copper wire 
of a few inches in length, no spark is perceived when 
the connection is either formed or broken, or at most a 
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very faint spark at the moment of opening the circuit ; 
but if a wire forty or fifty feet long be employed, though 
DO spark is seen when contact is made, a bright one 
appears whenever the connection is brokea by lilting 
one end of the wire out of the cup in which it rests. 
By coiling the wire mto.a helix, the spark becomes more 
vivid ; and a still greater effect is produced by making use 
of the wire surrounding an electro-magnet. 

236. The most advantageous length for producing 
the spark depends upon the diameter of the wire, and 
also upon the number of pairs In the battery and the 
size of its plates; the larger the wire, the greater is the 
length required to produce the maximuni result. With 
a single battery whose zinc plate exposes about a square 
foot of surface to the solution, and a wire of one sixteenth 
of an inch in diameter, a length of sixty or seventy feet 
will prebably give the brightest spark, though much will 
depend upon the degree of vigor with which the battery 
b acting. This peculiar action of a long conductor, 
either extended, or coiled into a helix, in increasing the 
intensity of the current from a single galvanic pair, at 
the moment whea it ceases to flow, was discovered by 
Prof. Henry (now of New Jersey College) in 1831, 
while at the Albany Academy. 

227. With a wire two or three hundred feet long, a 
slight shock may be felt at ibe moment of opening the 
cux;uit, if its ends near their connections with the poles 
are grasped with moistened hands ; with a shorter wire^ 
shocks may be obtained through the tongue ; their in- 
tensity increases un^l a length of five or six hundred 
feet 13 attained. A single pair of plates can, of course, 
13 
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give no shocks directly : the peculiar and continuous 
sensation excited in the tongue when the current from 
a single pair b made to pass through it, is not called a 
shock. With a battery of smaller size or consbting of a 
number of pairs, greater lengths may be used with ad- 
vantage both for the spark and shock. The miiximum 
effects of a small battery are, as might be expected, 
much inferior to those of a large one. If the requbite 
lengths of wire are exceeded, the effects are lessened. 

228. The brilliancy of the spark is much increased 
by employing a ribbon of sheet copper coiled into a fiat 
spiral, instead of a wire. A description and figure of thb 
instrument has been given in ^ 123. The spiral Iteing 
connected with the battery, a brilliant spark will be seen, 
accompanied by a pretty loud snap, whenever contact 
b broken; and if two metallic handles be attached by 
wires to the cups of the coil, and held in the hands, a 
slight shock will he felt ; if the battery b in feeble action, 
the shocks may be perceptible only when passed through 
the tongue. No shocks can be obtained by interposing 
the body in the direct circuit with the coil, so that the 
battery current may traverse them in succession ; as the 
electricity supplied by a single pair of plates is of too 
low intensity to be transmitted, to any considerable 
extent, by so poor a conductor as the human body. 
Prof. Henry was the first to employ coils of metallic 
ribbon for obtaining sparks and shocks from a single 
pair of plates. 

229. For the purpose of rapidly breaking the circuit, 
the Contact Breaker, represented in fig. 93, is very 
convenient. It consists of a bent copper wire W W, 
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which by means of clock-work set in motton hj a spring, 

is made to vibrate rapidly, dipping its ends alternately 

into the glass cups G G, intended to contain mercury. 

The spring is wound up by turning the milled head A. 

Fig.i:^. The glass cups are 

open at the bottom 

to allow the mercury 

to come in contact 

with the brass pillars 

into which they are 

cemented. These pil- 

g lars are both connect- 

|ed with one of the 

binding screw cups C 

C ; the other cup communicates with a brass mercury 

cup P, into which dips a short wire connected with the 

vibrating wire. Sufficient mercury must be put into the 

cup P, to keep the end of the vertical wire covered, 

and enough into the glass cups to allow one end of W W 

to leave the mercury in its cup a little before the other 

end dips into its portion. 

230. The Contact Breaker may be advantageously 
used in connection with many of the instruments for 
affording sparks and shocks, which will be described 
under the following head. The current must be trans- 
mitted through the two Instruments in succession, by 
connecting one of the cups C C with one pole of the 
battery, and the other cup with one of those attached 
to the spiral or other piece of apparatus, the remaining 
cup of which is to communicate with the other pole of 
the batter}'. It is belter to break the circuit mechan- 
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ically in this wa^, tbaa by means of any interrapdng 
apparatus worked by tbe batteiy itself, as a considerable 
part of the power of the current is then expended in 
giving motioD to the intemiptor. 

231. On makiog connectioQ in tbis manner with a 
flat spiral (flg. 49), and turning tbe milled bead A to 
put the vibrating wire in motion, a brilliant spark will 
be seen at eacb rupture of contact, accompanied by a 
loud snap, and producing considerable combustion of tbe 
mercury. With a battery consisting of a few pairs of 
plates of large size, sucb as Dr. Hare's Calorimotor, the 
^ze of the spark will be greatly increased and the snap 
become as loud as the report of a Leyden jar. Tbe 
shock will also be pretty strong, and may be increased 
by covering the mercury in the glass cups with a stratum 
of oil. A shock may be obtained, especially when <h1 
is used, on closing the circuit as well as on opening it, 
though inferior to that given in tbe latter case ; a faint 
spari^ is also sometimes seen when the wire dips into 
the mercury. 

233. The requisite length and thickness of the copper 
ribbon to give a maximum result depend upon the size 
of the battery employed. With spirals of considerable 
length, even if the copper be pretty thick, two or three 
pairs of plates are better than one, as the metal opposes 
some resbtance to the passage of a current of low inten- 
sity. A ribbon spiral of moderate length interposed in 
the circuit of a compound battery, consisting of a con- 
siderable number of small pairs, produces scarcely any 
peculiar eflect : while a coil containing three or four 
thousand feet of fine insulated wire will give an intense 
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sliock, though noi a very brilliaDt spark, under the same 
circumstances. The higher the intensity of the elec- 
tricity and the smaller its quantity, the less is the size 
requbite in the metallic conductor and the greater may 
be its length. 

233. The spai^ and shocks ^ven by long wires and 
by spirals are due to secondary currents induced in the 
metallic conductor at the moment of opening and closing 
the circuit ; their intensity being higher than that of the 
current which produces them. The phenomena belong 
to the same class as those presented by the secondaries 
induced in another conductor placed in the vicbity of 
the one which is conveying the battery current. 

234. The secondary currents just referred to may be 
obtained by placing a second spiral of copper ribbon 
upon the one through which the battery current is 
transmitted. If the edges of the copper strips are ex- 
posed, some insulating substance, such as glass or paper, 
must be interposed between the two spirals. 

ExF. 40.^— Two wires being cooaected with the cups beloDgin^ 
to the upper spira1,rub their enda together while the circuit through 
the lower one is ripidly broken. Sparks will be seen, and alight 
dwcka may be felt through the fingere or by placing the wiree 
in the mouth. When the enda of tho wirea are joined, the sparks 
and snaps given by tlie spiral connected with the battery are 
considerably diminished and no shocks can be obtained from it. 

Esp, 41. — Connect the cupa of the upper coil with a delicate 
galvanometer such as that represented in fig. 13. Wboiiever the 
battery circuit is completed through the lower apital, the mag- 
netic needle will be deflected ta a considerable extent, but will 
immediately return to, tho meridian, indicating the flow of a 
momentary current through tho wire of the galvanometer. On 
opening Uie circuit a aimilar transient deflection will occur in 
12* 
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the o^qiosite direction. No deflection ocean while the hattn; 
current is flowing; steadily. Caie should be taken that th? gal- 
vanometer is placed at such a distance from the lower spiral, that 
its needle may be unaffected by it. 

Exp. 42. — A sewing needle (fill be magnetized if placed within 
a wire helix of small internal diameter connected with the upper 
Binral. The polari^ produced by the cnrrent which attends the 
completion of the circuit will be the reverse of that ctunmnnicated 
by the one attending its rupture. If both currents are allowed to 
act on the needle, it will acquire little or no magnetism. 

235. For the purpose of determining the directioa of 
induced currents, the Magnetizing Helve represented in 
fig. 94 may be employed. Its construcUon is similar to 
that of the helix described in i^ 120 : it should, however, 

^^■9^. coDsist of a sJDgle length of wire, 

, but wound so as to form six or eight 
layers of coils, to suable it to be 
used for examiuing currents of con- 
siderable intensity. Its power will 
be greater if its internal diameter is 
very small. In the cut, the helix 
C is mounted upon a stand, with a small piece of steel 
wire within it. 

236. The momentary waves of electricity excited by 
electro-dynamic induction in a conductor conveying a 
current, or in a neighboring one, are termed secondary 
currents, the battery current itself being called in this 
connection the primary one. The wave which accom- 
panies the closing of the circuit is termed the initial 
secondary, and flows in the opposite direction to that of 
,the current which induces it. The other, which follows 
the opening of the circuit, is called the terminal second- 
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aiy, and flows in the same direction as the inducing 
current. These currents were dtscovered by Prof. Fara- 
day, in 1S31. 

SJ37. In fig. 95 a coil of fine insulated wire W is 
represented placed over a jibbon spiral A, which is 
connected by one cup with the cup C attached to the 




copper plate of a sTuiaining battery. A wire from tha 
cup Z, belonging to the zinc plate, is drawn over a steel 
rasp resting on the other cup of the fiat spiral, for the 
purpose of breaking the circuit rapidly. 

238. The ends of the wire coil W being fixed in the 
binding screw cups of the metallic handles, powerful 
shocks will be felt when these are grasped in the hands 
and the wire connected with Z drawn over the rasp. 
In order to obtain the initial and terminal shocks sepa- 
rately, the circuit should be broken, not by means of the 
rasp, but by a cup containing mercury into which one 
of the battery wires can be dipped at pleasure. The 
mercury should, of course, be connected by a wire with 
one of the cups attached to the ribbon spiral. 

939. When a battery of a single pair of plates is em- 
ployed, the initial secondary is much inferior in intensity 
lo the terminal, and consequently gives a feebler shock. 
Prof. Henry discovered that the intensity of the terminal 
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current is very little increased by adding to the number 
of pairs ; the slight increase which occurs b due to the 
greater quantity of electricity transmitted by the ribbon 
spiral, when the intensity of the battery current is in- 
creased. With the initial secondary it is different ; every 
additional pair was found to raise its intensity, so that 
with about ten pairs it equalled, in this respect, the 
terminal, and with a larger number excelled it. The 
initial shock may also be increased, though not in any 
great degree, by employing a shorter ribbon spiral, as 
for instance, one 6fteea or twenty feet in length, with a 
single pur of plates. In quantity, as indicated hy the 
galvanometer, the two secondaries are equal ; those of 
the wire coil being inferior in this respect to the currents 
afforded by a ribbon coil. 

240. The coil represented at W contains three thou- 
sand feet of copper wire, about one-6ftieth of an inch 
in diameter, wound with thread ; the layers are firmly 

^ cemented together by shellac, carefiil insulation being 
requi»te in consequence of the length of the wire and 
the high intensity of the current obtained. Where a 
small battery is used, this length of wire is unnecessary, 
as the shock given by it is scarcely greater than that 
from a coil of one thousand feet ; with a larger battery 
the longer one will be much superior. A sewing needle 
may be magnetized by the currents from a long wire 
coil, as well as by those from a ribbon spiral (see Exp. 
42) : if the wire is fine and very long this effect will be 
diminished. 

241. The nuiaining haitery shown in section in fig. 
95 is of similar construction to the cylindrical battery 
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described !□ ^ 20, except Uiat the zinc plate is placed 
within a double cylinder of leather L, closed at the 
bottom ; the space between this and the copper cylinder 
on each side is alone occupied by the solution of sulphate 
of copper, which may be a saturated one ; while within 
the leather case is a rather weak solution of Glauber's 
salt (sulphate of soda) or of table salt. The leather 
should be free from oil, or the power of the battery will 
be greatly reduced. Other porous or membranous sub- 
stances, such as thick brown paper, or bladder, will 
answer the same purpose as leather, in preventing the 
ready admixture of the solutions, and allowing a free 
passage to tile electrical current. When the partition 
is sufficiently thin or permeable, the battery is as pow- 
erful as if chained in the usual mode with a solution of 
blue ritriol. 

242. The action within the battery is as follows: 
the »ac is oxidized as usual, at the expense of the water 
of the solution which surrounds it, while the hydrogen, 
instead of being given off at the surface of the negative 
plate, as in most batteries, decomposes the sulphate of 
copper, forming water with the oxygen of the oxide of 
copper, and liberating the sulphuric acid, which passes 
through the porous partition into the other cell. A 
gradual and steady supply of acid is thus furnished to 
dissolve the constantly fonning oxide of zinc. 

343. This form of battery will maintain a nearly 
unvarying power for several days in succession, if the 
solution of sulphate of copper is kept saturated by occa- 
sionally adding a little of the pulverized salt and stirnng 
the liquid to make it of uniform strength. With weaker 
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solutions, or a less permeable partition, an action of suf- 
ficient energy for many purposes may be sustained for a 
week or more ; and when it declines, may be renewed 
by cleaning the zinc plate and removing any loose de- 
posit from the cells. This constancy of action renders 
the battery of great value in the electrotype process, 
which will be described hereafter. The deposition of 
metallic copper on the negative plate is the principal 
inconvenience attending it: this deposit sometimes ad- 
heres so firmly as to be difficult of removal, which, how- 
ever, b only necessary when it interferes mechanically 
with the working of the battery. The adhesion may 
be partially prevented by slightly oiling or greasing 
the copper cylinders previous to the introduction of the 
solutions. 

244. Instead of flat coils, long helices of insulated 
wire may be employed for obtaining the secondary 
currents, though with less effect when not aided by 
magneto-electric induction. Several of the magneto-elec- 
tric instruments which will be described under the next 
head may be used lor this purpose, the iron bar or 
bundle of wires being withdrawn from the helices. A 
description of one of them (the Double Helix and Elec- 
trotome) may properly be introduced in this connection. 

345. Double Helix and Electrotome. In this 
instrument, represented in fig. 96, the double helix a a 
is confined to the base-board by three brass bands. The 
inner helix is composed of several strands of large in- 
sulated copper wire. The similar ends of these strands 
at one extremity of the helix are connected with the 
binding screw cup c Their other ends are soldered 
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to the middle brass band, which is suimounted by a 
brass mercury cup e. Into this cup .descends a copper 
wire attached to the wire w w, which by meaos of ck>ck- 
work set in (notion by a concealed sprmg, is made to 



dip its ends alternately into the glass cups G G for 
containing mercury. The cups being open at the bot- 
tom, the mercury is brought in ccHinecuon with the outer 
brass bands, upon which they are fixed. Both these 
bands are connected with a binding screw cup &, corre- . 
sponding to c, but not seen in the cut. A second helix, 
consisting of about two thousand feet of Une insulated 
wire, encloses the one just described, but is insulated 
from it : its ends are soldered to the binding screw cups 
to which the handles, seen at H, are attached. 

346. The cups c and c' being connected with the 
galranic battery, the current will pass through the inner 
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helix whenever either end of the wire to w dips into the 
mercury ; which should stand at such a height in the 
cups that both extremities of the wire shall not he iot- 
mersed at the same time. By turning the milled head d 
the spring is wound up and the wire is made to vibrate 
rapidly. When eidier end leaves the mercury, the flov 
of the current is interrupted, and a bright sparic is seen 
in the cup. If the handles be grasped with moistened 
hands, strong shocks will be felt whenever the circuit is 
broken. Introduce into the helix a brass tube, and the 
spa^ becomes small and the shock feeble ; if the tube 
be sawed open in the direction of its length, it no longer 
produces these effects. 

S47. When an iron bar or a bundle of sofi iron wires 
is introduced into the helix, the brass tube being with- 
drawn, the brilliancy of the sparks and the iDtensity of 
the shocks are greatly increased, the instrument being 
under these circumstances one of the most powerful be* 
longing to the department of magneto-electricity. 

248. We have seen that a battery current of con- 
siderable quantity and low intensity can induce either a 
quantity or an intensity current. By substituting for 
the ribbon spiral through which the batteiy current is 
transmitted, a coil consisting of one thousand feet or 
more of 6ne insulated wire, and connected with a battery 
of a number of pairs, it will be found that an intensity 
current is able to induce secondaries of intensity in a 
wire coil, and of quantity in a ribbon coil. ' 

249. The shocks obtained when the body is intro- 
duced into the circuit of a voltaic battery of a consider- 
able number of pairs, without a coil, appear to be due 
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to secoadaiy currents induced in the battery itself. 
During the uniotemipted circulation of the galvanic 
current through the body, little or do effect is perceiretl ; 
but at the moment of either opeoing or closing the cir- 
cuit, a shock is experienced. When the series is very 
extensive, a dull pain is felt during the continuance of 
contact. The primary current has sufficient inten^ty 
to traverse the body, though not to give shocks, and 
doubtless induces initial and terminal secondaries wheD 
it commences and ceases to flow. 

350. A Sat spiral being in connection with the bat- 
tery, let a fine wire coi) be placed at a little distance 
above it ; shocks may now be obtained Irom the wire, 
but their intensity diminishes in a rapid ratio as the 
distance between the coils is increased. With the ar- 
rangement represented in fig. 95, shocks through the 
tongue are readily obtained when the wire coil is a foot 
or two above the other ; and the distance may be still 
ferther increased by using a longer ribbon coil or a more 
powerful battery. This furnishes a convenient mode of 
regulating the intensity of the shock at pleasure : the 
same effect is produced when one coil lies upon the 
other, by sliding the wire coil from its central position, 
more or less beyond the edge of the flat spiral. The 
shocks are in any case much increased by wetting the 
hands, especially with salt water. 

251. The intensity of the shock also diminishes rap- 
idly as the wire coil is raised from a horizontal position 
into an inclined one ; and when it reaches a vertical 
position, its edge resting on the ribbon coil, they are no 
longer felt. Similar phenomena are presented when- 
13 
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the fiat spiral has a Eufficiently large central opening to 
allow the \nre coil to pass wi^iin it ; no shocks being 
obtained when their axes are at right angles to each 
other. If the diameter of the wire ciul be ooQsid«iaUy 
less than that of the ring, and it be placed in a hori- 
zontal position within it, the shocks will be somewhat 
stronger when it is near the side tfaao when in the centre. 

S52. The interposition of any good Conductor ^ 
dectricitj between the Gne wire coil and the otm 
connected with the batteiy wiH neaily nmtralixe the 
shocks. 

Exp, 43— The colli being arrangej u is ig. 9^ interpbm ■ slip 
of wood or a plate of gliu between A uidW, and the shock will 
be tho iame u if air only interrsBed. Thia willbe the case with 
any uoa-cDnductor of electricity. Now bterpoae a plate of metal, 
for instance, lead or zinc, one-tenth of ah inch thick and as 
brotd ai the coila. Tbe shock will be eo much reduced sa to 
be scarcely perceptible. The magnetizing power of the ccurent 
is also lesaened, in respect to hard ateel, so that a sewing needle 
placed within a helix, as in Exp. 43, will be but feebly charged. 
A certain thickneas of metal ia required to produce these efiecti^ 
as aevertil sheets of tinfoil may be interposed without diminishing 
the shocks in any appreciable degree. 

253. The interposition of e metallic plate does not 
prevent tbe occuirence of tbe secondary currents, but 
merely causes their intensity to be greatly reduced. 
That tbe quantity of the current is not affected may be 
shown by connecting tbe ends of the upper coil, espe^ 
cially if it be a ribbon cchI instead of a wire oab, widi a 
galvanometer ; when tbe deflections will be tbe same 
whether the plate is interpceed or not, provided the 
distance between the two coils b not altered ; eitcept 
^e plate is of iron, when they are somewhat diminished. 
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If a ^ip be out out of the interposed plate in the direc- 
don of a radius, the cut exteodiag to the centre, it no 
longer lessens the sboc^. 

ExF. 44 — Inate&d of ft metAjlic plate, interpoie a flat apinl 
between the batter; cul and the wire one. Ho diuiinutioD of 
tbe shoclu will be perceived. Now connect the cups of the in- 
terposed coil bjr a wire, and tfaa intensity of the shocks will be 
even more reduced than ia the last experimeQt. Whenever the 
shocks are diminiahei], the brillianc]' of the sparks given bj the 
batteqr spiral will a}Bo be lesoened to some extent 

254. Secondary currents may also be obtained, with- 
out breaking the primary circuit, by altering the quantity 
of the battery current or the distance between the coils, 
as in the following experiments. 

E!xF. 45. — Connect a ribbon coil with the battery, and place 
a second spiral of tbe same kind opon it, with its cups in con- 
nection with a galvanometer. While the current is flowing 
steadily through the lower spiral, no secondary will be excited* 
and the needle of the galvanometer will be unaffected. Now 
lift the zinc pUte of the battery partly out of the liquid. Tbe 
moment the plate begins to be raised, the needle moves in the 
same direction as if the circuit were broken; the deflection, how- 
ever, ia not momentary as in that case, but continues during the 
movement of Ibe plate. Tben,without taking the zinc out of the 
solution, which would break the circuit, depress it again. The 
galvanometer will now indicate a current in the opposite direc- 
tion to the former one. 

£xp. 46. — Similar currents are produced by raising the upper 
coil from the lower one, through which the galvanic current is 
steadily flowing. As the coil recedes, a secondary flows through 
it in the same direction as that of the battery current in the other 
spiral; as it again approaches, a current in the reverse direction 
is induced. Instead of raising the upper spiral, it may be moved 
laterally from its central position on the lower one, with tbe 
ssme result. 
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255. These ctirreiita produce a greater efiect upon the 
galranometer than those excited by closing and opening 
the circuit, as they are not momentary, but last as long 
as the motion coatiaues. The more rapid the movement 
of the zinc plate or of the spiral, the more powerful are 
the secondary currents, as they depend upon the sud- 
denness of the change. In the quantity of the primary 
current in one case, and in the distance between the 
coils in the other. They are, however, of low inten^ty, 
and are unable to afibrd shocks. The interposition of 
metallic plates or coils produces no efiect upon them. 

256. The neutralizing action described in ^ 252 and 
253 is due to a secondary current excited in the inter- 
posed metallic plate or spiral, which itself induces a 
tertiary current in the wire coil, fiowing in the opposite 
direction to the secondary induced in it by the battery 
current, and therefore retarding its development. A 
tertiary current is also induced in the battery coil, which 
occasions the reductlou in the spark and shock noticed 
in Ex.p. 40 and 44. When the interposed plate of 
metal is divided to its centre, no secondary is induced 
in it, and it exerts no neutralizing action; the same is 
the case with the ribbon spiral in Esp. 44, when its 
cups are disconnected. Similar phenomena are pro- 
duced by the introduction of a metallic tube into a wire 
helis, as described in ^ 246. 

257. This ttrtiary cunrent can be separated from 
the secondary, and obtained by itself, in the following 



Sxp. 47.— A ribbon coil B, %. 97, being laid npon the coil A, 
through which the batteiy current U tnnsmitted, coonect Ha 
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cnps with those of a third spiral C, of the same kind, removed to 
a little diatunee, so as to be beyond the influence of tha.current in 




A. The secondary currant induced in B will now flow throngh 
C, and if a line wire coil W is laid on C, strong shocks may bo 
obtained. If W be raised up, tlie shocks will stilt be felt when 
it is at a considerable height above C. 

Exp. 48. — Place a fourth ribbon coil on C instead of the wire 
coil, and a quantity current will be obtained, capable of affecting 
the galvanometer slightly, and of magnetizing a sewing needle 
placed in a helix of small internal diameter, such as that repre- 
sented in fig. 94. 

Exp. 49.— Substitute for the flat spirals B and C in fig. 97 
two fine wire coils, A secondary intensity current will now be 
obtained, which will induce a tertiary ofiatensity in a third wire 
coil laid on the second, ennbling it to afford strong shocks ; and 
a tertiary of quantity in a ribbon coil. 

258. If the second spiral B is alone replaced by a. 
wire coil, little or no shock can be obtained from W, 
the quantity of the secondary current furnished by the 
wire coil not being sufficient for the production of a 
powerful tertiary, unless it is passed through a conduc- 
tor of many convolutions. So, on the other hand, if 
a fine wire coil be substituted for C only, no tertiary is 
induced by it, or at most a feeble one, the secondary 
current from B not having sufficient intensity to enable 
it to overcome the resistance of the long wire. The 
13* 
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tertiary current, like the secondary, can be induced at a 
distance ; and has its intensity greatly reduced by the 
interposition of metal between the flat spiral C and the 
wire coil. 

239. The tertiary currents may be conveniently 
obtaibed by causing the secondary from a ribbon spiral 
to flow through the inner helix of the instrument repre- 
sented in fig. 96 or of alcnost any of the magneto-electric 
jnstraments to be described under the next bead. Thus 
if the wires attached to B, in fig. 97, are fixed b the 
cups c and d of the Double Helix and IJleclrotome, 
strong shocks may be obtaiaed from the tertiary current 
induced in the fine wire helix. The circuit through the 
inner coil should not be broken by tbe electrotome, as 
the only interruption wanted is that in the battery cor^ 
rent. The shocks will be increased by placing a bundle 
of iron wires within the helix, as the inductive action of 
the current will then be assisted by that of the electro- 
magnet. 

260. Tertiary currents, like secondaries, are induced 
both when the primary circuit is opened and when it \i 
closed. The initial and terminal tertiaries both flow in 
the opposite directions to the corresponding secondaries. 
In fact, each secondary must produce two tertiaries, one 
when it commences, and another when it ceases to flow : 
but in consequence of the exceedingly short duration of 
the secondary itself, they cannot be separated as the 
initial and terminal secondaries can ; and the current 
which is obtained, whether initial or terminal, is only 
the difference between the two. This accounts for the 
slight effect it produces upon the galvanometer, while 
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capable of affiirding stroDg shocks. Tbe two parts may 
differ very much in intensity, but beiag equal in quantity 
would not affect the galvanometer, did they occur pre- 
cisely at the same instant : the needle, however, is first 
deflected by the momentaty wave induced by tbe com- 
mencement of the secondary, and as soon as it has moved 
a degree or two is arrested by the opposite wave due 
to its cessation. 

261. The effects of the interpositims described in 
^ 353 and 353, may now be more clearly explained. 
The secondary induced in the interposed conductor, on 
opening the primary circuit, for instance, itself induces 
a tertiary in the wire coil at the instant of its commence- 
ment, which. flows against the secondary induced in it 
by the battery current. When the secondary in the 
interposed body ceases, another tertiary \a excited in the 
wire coil flowing in the same direction as the secondary. 
The total amount of the current will not be altered, 
since the same quantity is added at its ending as was 
subtracted at its beginning; but its intensity will be 
greatly reduced, probably in consequence of the dimin- 
ished rapidity of its development. 

363. CuiuiENTS OF HIGHER ORDERS. It has been 
shown that a secondary current, though only momentary 
in its duration, can induce a tertiary of considerable 
energy. It might therefore be expected that the ter- 
tiary would produce a current of the fourth order ; this 
another, and so on ; and such is found to be the case. 
It is only necessary to remove the tertiary out of tbe 
influence of tbe secondary in the same manner as tbe 
secondary is removed from that of the primary (see 
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Exp. 47) in order to obtain a current of the fmtrth order. 
The currents of the third, fourth and fifth orders were 
first obtained by Prof. Henry, and two other orders have 
been since added. These currents progressively dinuo- 
ish in energy, but the phenomena presented by them 
are similar to those of the tertiary. With a larger 
number of coils and a powerful battery, the series might 
doubtless be extended much farther. 

363. In the following table the directions of the cur- 
teats produced both at the beginnmg and ending of the 
battery current are given, those which flow in the same 
direction as the primary being indicated by the sign +, 
and those in the opposite direction by the sign . — . 

At Itis betioDlnf . At Ihc (odlDg. 

Primwy current, + •+- 

Secondaiy cnnent, — -^ 

Tertiary cntrent, -)- — 

CurreDt of the fourth order,.. •• — -|- 

Curreot of the fifUi order, -|- — 

Current of Ihe ebcth order, .... — -|- 

Current of the seventh order, .. -\- — 

If the induction at the ending of the battery current be 
regarded as opposite to that at the beginning, the second 
columnr may commence with minus instead of plus, and 
the second series will then alternate like the first. 

264. Induced currents of the different orders may be 
obtained from frictional electricity, though in conse- ■ 
quence of its high intensity the conductors require better 
insulation than is necessary when they are used with 
the galvanic battery. The flat spirals and wire coils 
may, however, be employed, if their layers are carefully 
insulated by means of shellac, or if covered with silk 
instead of cotton. 
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EzF. Sft"— Place a fine wire coil over a ribbon fpiral, with a 
pl&te of glass interpoced ; a seconduy shock may now be obtained 
from the wire wben the charge ofaLeydenju is passed through 
the spiral. A still better mode is to employ a second wire coil, 
instead of the flat spiral; if the ends of ono coil be held in the 
hands, a strong shocli will be felt at the moment of discharging 
the jar throngh the other. Tlie secondary current flows in th« 
■ame direction as the one which Induces it; as may be shown by 
passing it through the helix described in § S35, when it will 
magnetize a sewing needle placed within ik 



II. BY THE INFLUENCE OP A HAONET. 

265. Currents of electricity may be excited in metal- 
lic wires by means of magnetic changes taking place in 
their vicinity. This is in fact the converse of the prin< 
ciple explained in chap. II, sect. 3. It was there shown 
that a current of electricity passing in the vicinity of a 
bar of iron or steel produces a magnetic change in that 
bar. The branch of science which treats of the devel- 
opment of electricity in this way is called Magneto- 
Ekctridty. 

366. There are several modes in which these mag- 
netic changes may be produced in the vicinity of the 
wire in which the current of electrici^r is to be excited. 
The movement of a magnet near a wire, or of a wife 
near a magnet, b one method. The approach of a 
magnet to a bar of soft iron surrounded with wire, or in 
general, a change in the relative position of the magnet 
and the bar, is a second. The passage of a galvanic 
current round an iron bar wound with wire is a third : 
in this case aa induced current may be obtained either 
bom the wire conveying the primary current, or from a 
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■eeond wire also surTounding tbe iroa ; but the cuirent 
excited bjr the infiueoce of the magDetized bur cannot 
be separated from that which is the result of eiectro- 
djnainic induction, at least with the usual airangemeot 
of the wires. 

967. If the cups of the helix on stand, described in 
^ 120, be connected with a delicate galyaDODieter, and 
a bar magnet be introduced into the helix, as in fig. 98, 
tbe needle will be deflected while the magnet is passing 

JV*^ in, but will return to its former 

2 posi^on as soon as the magnet is 
^ at rest within the coil. On draw- 
ing the magnet out, tbe needle will 
be deflected in the opposite direc- 
tioQ. By mOTing the magnet in 
and out so as to keep time with 
jktbe oscillatbns of the needle, they 
will be gready increased. Rer^s- 
iDg the direction of the magnet so as to cause it to enter 
by the contrary pole, will rererse tbe indications of the 
galvanometer. If the magnet be carried through the 
helix so as to bring it out at tbe opposite end to that by 
which it entered, the effect is the same as if it had been, 
drawn out as before. No current is excited while the 
magnet and eoil are both at rest. 

968. Connect the cups of a flat spiral, such as that 
described in ^ 193, with tbe galvanometer ; and pass a 
U magnet over it, towards tbe centre, with one of its 
poles above and the other below. The needle will be 
deflected in opposite directions as it passes on and off. 
A less effect will be produced by moving a bar magnet 
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in the directioD of a radius over the spiral, or by pksaag 
it inlo the central opening. 

269. Let the ends of the coil of insulated wire A, 
fig. 99, be connected with the gold leaf galyanoscope, 
descibed in ^ 153. Tlien pass the ring down oy^ one 
*^- 98. of the poles, say th« 

south pole, (^ a U 
magnet. The gtrid 
leaf will be sensiUy 
deflected. Take th« 
ring frcHb the south 
pole and pas« it otM 
i>lhe north pole. It 
will be found that 
the gold leaf is de- 
flected the same way 
^ by both these motions 
oftheHngibiitintbd 
opposite direction to what it was previously. ThuS 
drawing it off of one pole and putting it oVer the opp6- 
^te pole produce deflectiODS iti the same direction, but 
umilar motions, such as putting it over either pole <it 
drawing it off of either, produce opposite deflections. 
The wire coil A is the same as that described in ^ 136. 
S70. Place a bar of sofl iron within the helix on 
stand, fig. 98, its cups being connected with the gal- 
vanometer as before. Then bring the opposite poles of 
two bar magnets in contact with the extremities of the 
iron. The bar will suddenly be magnetized by induc- 
tion, and the needle will be deflected. It will, how- 
ever, immediately return to its former position, the settled 
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magne^c conditioD of the bar having do power to a^ct 
it. Oa withdrawing the magnetic poles, the bar loses its 
magnetism, and the needle is deflected in the opposite 
direction. 

371. By bringing the poles in contact with the iron, 
and withdrawing them alternately, in such a manner as 
to keep lime with the vibrations of the needle, they 
may be greatly increased as before. If the two other 
poles of the bar magnets touch each other so as to form 
a letter V, the inductive power is much increased. Then 
by opening and shutting the magnets as if joined by a 
hinge at the vertex, the bar within the helix may be 
magnetized at pleasure. 

272. When an armature or any piece of soCt iron is 
brought in contact with one or both of the poles of a 
magnet, it becomes itself magnetic by induction, and by 
its reaction adds to the power of the magnet. On the 
contrary, when it is taken away it diminishes the power 
of the magnet. The approach and departure of iron 
therefore from the poles of a magnet alters its magnetic 
state and tends to induce a current of electricity In a coil 
surrounding it, as may be shown experimentally thus. 

Exp. 51.— Pua a vire coil, whose ends are connected with a 
galTaaometer, over one of the poles of a U magnet, a> in 6g. 99, 
and keep the magnet and coL! stationary. The needle will now 
be deflected in ono direction when an armature is applied to tlie 
poleo, and in the opposite direction when it is removed. 

373. When a galvanometer is used in these experi- 
ments, it must be placed at such a distance from the 
instrument where the magnetic movements and changes 
are made, that the needle will not be deflected by any 
influence hut that which reaches it through the conDecI- 
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ing wires. With the gold leaf galvanowope this pre- 
caution is not needed. 

274. Magneto-Electric Akmatdbe. This instru- 
ment consists of an armature of the U form, wound 
with fine insulated wire aod enclosed in a metallic case ; 
^' IW- the armature itself is not 

solid har, but a bundle 
■ iron wires. It is seen 
A, In fig. 100, and a 
clonal view of it is 
ven separately. In the 
ction, B D is the a^ 
ature, having several 
yers of wire wound on 
ich of its legs, and con- 
ined within the case C, 
am which its ends pio- 
Bt slightly. One end 
the wire which en- 
velops the armature is connected with the case, and also 
with the armature itself. The other end is soldered to 
the brass cup E, which is attached to the esterior of the 
case, but is insulated from it by means of an ivorycollar. 
By this instrument the current of electricity produced 
by a sudden change in the magnetic state of the arma- 
ture may be rendered sensible by a strong shock. Let 
the experimenter bring the ends of the armature in con- 
tact with the poles of a powerful compound U magnet, 
in the manner represented in the figure. In his left 
hand he holds a metallic handle H, from which two 
wires proceed ; one to the cup M, attached to the U 
14 
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magnet N S, and the other to the cup E, upon the case 
of the armature, which he holds in his right hand. It 
ia not essential to have a cup fixed on the steel magnet, 
as the end of the wire may simply be pressed against it. 

275. The apparatus being thus arranged, the expCTi- 
mraiter suddenly separates the armature from the magnet 
by slipping it upwards or downwards from the position 
represented in the figure. As the armature leaves the 
magnet, it loses the magnetism which had been Induced 
in it (see ^ 110), and a current of electricity is In cmi- 
sequeuce excited In the wire coiled around it within the 
case. This current passes from the cup E, connected 
with one end of tlie enclosed wire, round to the handle 
H, and thence to the cup M ; it then Sows through the 
magnet' to the arftiature itself which is connected with 
the other end of the wire. Tlie current is excited at 
the very moment of separation, and passes from the 
magnet to the armature as a spark of inappreciable 
length, but at the same time very'percep^ble. This 
primary induced current passes only through the metallic 
conductors or through the short interval of air between 
the armature and magnet. It is not sufficiently intense 
to produce the shock which occurs at the moment when 
the spark passes. This shock ts due to a secondary 
currenrof higher intensity induced by the primary cur- 
rent in the same wire, at the moment when the circuit 
through the metallic conductore is broken. This sec- 
ondary current then passes from the cup E, by the 
wire E H, through the body and back to the armature, 
this being the only circuit which is left for its passage. 

276. When the armamre is first brought in contact 
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with the magnet, ihere b of coufse a change in the 
magnetic state of the former, and a cuirent of electricity 
is consequently iDduced in the wire surrounding it. This 
current passes through the metallic circuit which is con^ 
pleted at the same time, aud induces a secondary cuirent 
capable of giving a shock were it to pass through the 
body. But as the metdlic circuit remains complete, 
the secondary current passes through that in preference 
to the body of the experimenter. It is only therefore 
whrai the circuit is broken at the same moment that the 
primary current is excited, that the shock is obtained 
fiom the secondary current induced almost at the same 
instant by the primary, and which is ihen obliged, in the 
absence of some other circait, to pass through the body. 

277. If the wire H M be taken away, no cuxiuit is 
left for the primary induced current except through the 
body of the experimenter. If the armature be slipped 
on and oS the magnet under these circumstances, the 
primary current will pass through the body so as to give 

^a slight shock to the tongue or even to the hands. The 
shock will be felt jioth when the annature is brought in 
contact with and separated from the magnet, diough the 
former will be much' the stronger. This is probably 
owing to the greater suddenness of the change in the 
magnetic state of the armature when it first touches the 
magnet, than when it leaves it. In proportion to the 
quickness of the magnetic change is the intensity of the 
induced current and the consequent shock. 

278. If one of the wires of a galvanometer be con- 
nected with the cup E, and the other wire with the 
case of the armature, the needle will be deflected 
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Strongly in opposite directions whenever the armature 
b brought in contact with or separated ft<oni the mag- 
net. If one of the wires of the galvanometer be con- 
nected with the cup M and the other with the cup 
E, the same result will ensue, although in this case 
the current flows through the magnet, and has to pass 
as a spark when the armature and magnet are separated. 
279. Magneto-Electric Machini:, fob shocks. 
In this instrument a powerful compound U magnet is 
mounted on a stand. Before its poles is the armature 
A, resembling a U armature, although for conTenience 
FiK. WL 



the iron instead of being curved b bent at right angles. 
It is a solid bar and not a bundle of iron wires as in the 
last described instrument. Around each pole of this 
armature is wound a coil of fine insulated wire ; the two 
coils are connected so as to act as a single one. The 
armature does not quite touch the magnetic poles, and 
is mounted on an axis of rotation extending from the 
post P to the central support of the magnet. The upper 
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part of the post P is made to slide over the lower part, 
and by nieaas of a screw cas be fastened in any po- 
sition. In this way the hand connecting the two wheels 
may be tightened at pleasure by increasing tiie distance 
between them. This airangement also renders the in- 
strument much more portable than it would otherwise be. 
By means of the multiplying wheel W, which is con- 
nected by the band with a small wheel on the axis, the 
armature may be made to revolve rapidly, so that the 
end of the armature which was one instant opposite to 
the north pole of the magnet, will be the next instant 
opposite the south pole, and the one that was opposite 
the south magnetic pole will be opposite the north pole. 
A rapid reversal of the magnetism of the armature thus 
takes place, and electric currents are excited in the sur- 
rounding wire. One extremity of the coil of wire is 
connected with a ferrule or cylindrical piece of silver a 
OD the axis of motion, but insulated from it by ivory. 
The other extremity is attached to the axis and thus 
.^connected with the toothed wheel or breakpiece fixed on 

- the axis near th^^t P. A silver wire b, flattened at 

- the beariug part, presses constantly against the ferrule a, 
and is connected under the base-board with the wire c, 
which touches from time to time the teeth of the brealc- 
piece during its revolution, thus closing and opening the 
circuit of the coil in rapid succession. 

380. It is evident, on the principle of the Magneto- 
Electric Armature last described, that if two handles 
held by an experimenter were connected, one with the 
ferrule and the other with the breakpiece, that a shock 
would be experienced whenever the metallic circuit of 
14* ». 
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the coil was broken. It was shown that at the moment 
when the induced primary current was interrupted, a 
secondary current would pass through the hody, if that 
was included in a circuit between the ends of the wire. 
This is accomplished here by connecting one of the 
binding screw cups C C with the wire b under the basfr- 
boardj and the other cup with the post F, which has 
metalhc coDoection with the axis and breakpiece. The 
body therefore will complete th^ circuit if interposed 
between the handles H H, and will receive a shock 
whenever the primary current is interrupted. A spark 
is seen when the wire e leaves each tooth of the break- 
piecei if the wire b of iron, beautiful scintillations are 
produced. 

281. In the Magneto-Electric Armature the shock 
is obtained only when the armature separates from 
absolute contact with the magnet, but.if the primary, 
induced current is hroken when an armature is moving 
towards or away from a magnet, a shock will be felt, 
though it will be most powerful when the magnet and 
armature are nearest, as the magnf^c action is then ' 
greatest between the two. In this instrument the toothed 
wheel breaks the circuit when the armature is in alt 
possible positions in reference to the magnet. Yet a 
shock is always obtained, except when the armature is 
nearly at right angles to the poles. When the armature 
is made to revolve rapidly by means of the crank and 
wheel W, the torrent of shocks which results is insup- 
portable. The muscles of the hands which grasp the 
handles are involuntarily contracted, so that it is impos- 
sible to loosen the bold or escape from the infliction. 

/ 
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S82. Maoneto-Electric Machine, fob decoupo- 
EiTioNs. In the magneto-electric machine just described, 
the induced currents flow in opposite directions during 
/%.102. 



each half revolution of the armature. One pole of the 
armature, in leaving the north pole of the magnet and 
approaching the south pole, induces electricity In one 
direction, but when it passes the south pole and again 
approaches the north pole, it induces a current In the 
opposite direction. The principle of the machine now 
to be described is the same as the. last. The modes 
of connection are modified. Instead of the cylinder 
a. Dr. Page's pole-changerj "^ 162, consisting of two 
semi-cylinders insulated from the axis, is substituted. 
The two extremities of the coil surrounding the armature 
are soldered to these. Two flattened silver wires, b b 
press against tlie opposite sides of the pole-changer, and 
are connected under the base-board with the cups C C 
These are the only connections used In producing de- 
compositions, the circuit not being broken. The effect 
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of the pole^hanger is to cbaoge the end of the coQ 
vhich communicates witb either cup every half revolu- 
tion. But as the current itself flows in oppo^te direc- 
tions in the coil each half revolution, the result is that 
one of the cups is coustantly pontive and the oth^ 
negative. The current flows hetween them, if they are 
connected, always in one direction, unless the revoluticm 
of the armature is reversed. 

283. To enable this machine to affiird strong shocks, 
one of the wires b b'la also connected with the post P, 
and thereby with the axis and breakpiece. The other 
wire is connected with the pillar^, which has a binding 
screw at the top, in which a wire can be fastened to 
play against the breakpiece and break the circuit, as in 
the last described iostrument. All the eSects produced 
with the other machine may be equally well shown with 
this. The flow of the current in a constant direc^n 
also allows of the performance of many additional ex- 
periments. 

284. When the metallic handles attached to C C are 
held in the hands, the arm connected with the negative 
cup will be found to be most afiected by the shocks. 
This is a physiological plienomeuon, the current pro- 
ducing a greater efiect upon the arm id winch it flows 
in the direction of the ramification of the nerves, than 
upon the one in which it ascends. The initial second- 
ary is too feeble to aflbrd shocks, so that only the 
terminal secondary need be taken into account. The 
intensity of the terminal shock is however constantly 
varying, according to the position of the armature in 
respect to the magnet, and the difference in the eflect 
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ufOD the two anns is not so well marked as with some 
of the instruments which will be described hereafter. 

S85. Slight shocks may be obtained from the primary 
current, as in the case of the MagnetO'Electric Arma- 
ture, by grasping the metallic bandies connected with the 
cups C C. The wire which rests on the breakpiece must 
be removed so that the circuit may not be brokeii. If 
the cups be connected with those belonging to the inner 
coil of the Double Helix and Electrotome (^ S45), and 
the central opening of that instrument be filled with iron 
wires, secondary shocks of considerable strength will be 
obtained from the exterior helix whenerer the armature 
is made to revolve. The vibradng wire should be put 
in motion to break the primary circuit. Bright sparks 
are also seen iu the mercury cups. The sparks are 
conveniently shown by passing the primary current of 
the machine through the Contact Breaker, ^ 339, the 
wire W W- being made to vibrate. 

386. When the priroaiy magneto-electric current is 
made to pass through water in a constant direction, the 
water is resolved into its elements, and the gases hydro- 
gen and oxygen are given off separately, by the two 
wires which convey the current. If the dlrec^on of the 
current alternates, the water is still decomposed, but the 
gases cannot be obtained separately as both are given 
off from each wire. The other machine is able to 
decompoee water, though very feebly, because the con- 
nections are such that only the secondary current can 
be used. 

387. Two platinum wires being connected with the 
cups C C, and their ends immersed in water, a slender 
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Stream of gas will be seen to escape from each wire 
wheo the arroatuie is made to revolve. If the wires an 
of iron or copper, the oxygen will imite widi the one 
connected with the positive cup to form oxide of iron or 
of copper, and hydrogen alone will be given off. Pla- 
tinum wires are not attacked by the oxygen, and are 
therefore best for conveying the current. The decom- 
position of water is greatly facilitated by dissolving in it 
scMae salt, as for instance, Glauber's salt, or what is still 
more effectual, by the addition of one part of sulphuric 
acid to ten or fifteen of the water. These substances in- 
crease its conducting ^wer. 

288. Fig. 103 represents a Decomposing Cell mount- 
ed on a stand, and designed to 
he used with this machine. Two 
platinum wires connected with the 
cups A and B on the stand pass 
up into the cell, which is of glass. 
A glass tube G may be inverted 
over these wires to collect any gas 
which is evolved ; it passes through 
a cork fitting the mouth of the cell 
with sufficient tightness to allow 
the tube to be tilled with the liquid 
by merely inverting the instniment. 
The cell being partly filled with 
acidulated water, and the tube 
wholly full, connect the cups A and 
B with those of the machine. As 
the wheel W is turned, bubbles of 
hgas will be seen tp escape from 
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each wire, and to rise ioto the tube, displacing the liquid 
firom it. When the tube is full, it may be removed and 
the mixed gases exploded by holding its mouth to a 

239. By having two glass tubes O and H passed 
through a cork so that one of them may be inverted 
over each wire, as shown in the cut, where pp are the 
platinum wires, the gases may be obtained separately ; 
oxygen only being collected in the tube placed oyer the 
positive wire, and hydrogen alone in the other. The 
volume of the latter gas is twice that of the former, as 
indicated in the figure by the relative height of the liquid 
in the tubes O and H, occupied respectively hy the 
oxygeo and hydrogen. On removing the tubes when 
full, the hydrogen will bum if a flame be applied, and 
the oxygen will increase the brilliancy of the ccHnbustioti. 
of any ignited body put into it. 

290. With a good machine, one cubic inch of the- 
mixed gases will be liberated in from five to tan minutes. 
If the conducting power of the liquid be made too great 
the evolution of gas will be lessened. Strips of platinum 
foil, which are superior to wires in decomposing by a 
compound galvanic battery, do not answer so well with 
the magneto-electric current, especially when the wire 
coiled upon the armature is fine. 

291. The primary current is able to decompose va- 
rious saline solutions. For this purpose some porous 
partition should be interposed between the portions of 
liquid in which the wires are placed, in order to prevent 
their too ready admixture. These experiments may be 
performed in the Decomposing Cell, fig. 103, by placing 
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a piece of unsized paper across it, betweea tbe wires ; it 
□eed not fit closely the sides of the cell. A hetter in- 
Fig. 104, stmment for the purpose is a glass tube bent 

¥into the form of the letter U, as shown in 
fig. 104. A looselj crumpled piece of un- 
uzed paper, or of cotton cloth, may be thnist 
into the befid of the tube as a partition, thus 
dividing it into two cells. 
292. The tube being partly filled with A solution of 
some neutral salt to which has been added enough of 
the infusion of red cabbage to give it a blue color, let 
two platinum wires connected with the cups of the_ 
machine be immersed, one in each portion of the liquid. 
When the armature is made to revolve, the blue color 
will soon be changed to red in the cell containing the 
positive wire ; and to green in the other, provided tbe 
salt has an alkaline base. By reversing the motion of 
tbe armature, the original color will be first restored in 
each leg of the tube, and then the opposite change will 
occur. If the solution be colored blue by the infusion or 
tincture of litmus, it wilt become red in tbe cell in which 
the acid is developed, but will suffer no change in the 
other. When the yellow infusion of turmeric is used, it 
is turned brown by tbe alkali evolved In thenegatire 
cell, but is not affected by the acid in the other. 

Gzp. 52.— Let tbe tube contain a wenb solntioa of GlHubeT*s 
wit (sulphate of soda), colored blue bj tbe infusion of red cab- 
bage. On transmitting tbe current, sulphuric acid will bo liber* 
ated in one celt, changing the blue to red ; and aoda in the other, 
changing it to green. Similar phenomena present themselves 
with a large number of salts, but in some cases different e^cta 
are produced. 
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Exp. 53. — If a aolntion of mtmate of ammbnia^ colored by aome 
vegetable infuBion, be employed, chlorine gas will be given off 
fTOm the positivs wire ; thia may be recognized by its peculiar 
odor and by the bleaching effect it produces upon the liquid in 
the positive cell, which quickly becomes colorless. Id this case 
anunonia and hydrogen are set free in the negative cell, and mu- 
riatic acid and oxygen should have been liberated in the other. 
The chlorine appears therefore to he a secondary prodoct, set 
free hy the combination of the hydrogen of the muriatic acid 
with oxygen, to form water. 

Exp. 54— Let the tube he filled with a veak solution of hy- 
driodate of potash, without any coloring liquid. By causing the 
armature to revolve, iodine will be abundantly liberated round 
the positive wire ; this being slightly soluble gives a brown color 
to the liquid, but most of it remains in suapension, forming a 
dense cloud. If a few drops of a weak solution of starch had 
been previonaly added, an intense blue color will be developed. 
The hydriodateofpotash is more easy of decomposition than any 
other salt; even the current of a single galvanic pair will liberate 
iodine fyom it . 

Exp. 55. — When a solution of sulphate of copper is employed, 
solphuric acid and oxygen are set free in the positive cell, and 
metallic copper is precipitated upon the negative ijite. If the 
current is powerful, it is deposited as a slighOy adherent black 
powder! but if of moderate strength, a thin coating is formed, 
poBsesaing the proper color and appearance of the metal. In 
this case little or no hydrogen escapes from the coated wire, 
though oxygen is given off by the poaiUve one. On reveraing 
the current, the copper will be gradually dissolved from off the 
coated wire, and a similar deposit will occur on the other. No 
oxygen escapes from the wire which is now positive until its- 
coating has nearly disappeared. When the experiment is con- 
cluded, the deposited copper may be removed from the platinum 
wires by a little diluted nitric acid. If two copper wires be im- 
mersed in the solution, as much copper will bedissolvedoffof one 
as is deposited upon the other. Sulphuric acid does not act upon 
copper in the cold unless aided in this way by an electric current 

Exp. 56.— Let the tube contain a diluted solution of muriate 
15 
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of gold, the condocting wata being of plKtiniim. The negative 
•win will soon become covered with a coAting of gold, which in- 
cresaee In thickneea >■ the euirent ii continaed. Other metnlt^ 
Ai for inetaace, ulver, co|^r and biiM, may be tboa gilt; the 
cofttiog does not adhere very finnlf unlen the metallic nuface 
on which it ii to be deposited has been perfectly cleaned by acid. 
The pofliUve wire should always be of platinum or gold. The 
etheteal aolntion of gold may be employed in this experiment. 
It is msde by mixing et&er with a strong solotion of the monate; 
the ether umtaining the gold risea to the sorftce and may he 
poured off from the acid. 

293. Many other metallic salts may be decomposed 
ID the same manner, and the metals precipitated, but in 
most cases the deposit is of a black color. In pcecipi* 
tating metals, both wires may be in tbe same porlicm of 
liquid, no partidon being required ; in fact, if the tube 
is of considerable length it will not be necessary in the 
other experiments. The deposition of the metals from 
their solutions in these cases depends upon the same 
principles which are concerned in the electrotype pro- 
cess to be described hereafter. 

S94. The galvanometer is strongly affected by the 
primary current. Even a large and heavy needle sur- 
rounded by a ^ngie wire, as in tbe instrument repre- 
sented in fig. 29, may readily be deSected. A sewing 
needle or a piece of steel wire placed in the magnetizing 
helii (fig, 94), will be fully charged. If an iron wire 
be introduced into the helix, its ends will sustain a con- 
siderable quantity of iron filings during the flow of the 
current. 

295. When the extremities of the wire surrounding a 
small electro-magnet, such as is represented in fig. 53, 
are fixed in tbe cups C C, it will be able to sustain a 
vragbt of some ounces while tbe primary current is 
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6owing. If the electro-magnet be covered with four or 
five layers of coils, the wire being ia a single length, it 
will lift several pounds. 

396. The primary magneto-electiic current resembles 
a galvanic current excited by a number of small pairs. 
Its quantity and intensity are, however, both greatly 
influenced by the size and length of the wire enveloping 
the armature. A short wire of large diameter gives a 
current of moderate intensity but of considerable quan- 
tity, and is therefore best for producing sparks, decom- 
positioDS and magnetism. A long and fine wire affords 
a current of small quantity and high intensity, and is 
most suitable for giving shocks. 

297. Page's Revolvino Magnet, as a magneto- 
EI.ECTRIC MACHLNE. This instrument exhibits the mag- 



neto-electric machine in its most simple form. A sod 
iron bar capable of revolving between the poles N S of 
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the U magnet is wound with wire, and its extremities 
coDoected with the cylinders of a pole-changer fixed on 
the axis of motion. Two silver springs pressing on this 
convey Ihe induced current to the cups A and B. The 
instrument baa been described in ^ 171, 

S98. The cups A and B being connected with those 
of a galvanometer with an astatic needle (^ 87), as 
represented in the figure, the needle will be powerfully- 
deflected when the bar b made to rotate rapidly by 
drawing the band over the axis. By reversing the mo- 
tion of the bar several times in correspwidence with the 
oscillations of the needle, it may be made to revolve 
rapidly. With a sufficiently delicate galvanometer, any 
of the electro-magnetic instruments in which mouoo is 
produced by the mutual action between a galvanic 
current and a steel magnet, may be made to a^rd 
a magneto-electric current by producing the motion 
mechanically. In all cases the current excited Hows 
in the opposite direction to the galvanic current which 
would be required to produce the same motion. 

299. If the cups A and B be connected with the 
cups C and C of the Double Hflix and Electrotome, 
slight secondary shocks, which may sometimes be felt 
in the hands, will be obtained from the fine wire, helix 
by rotating the iron bar, aa in the figure. The hollow 
of the double helix should be filled with iron wires, and 
the vibrating wire be put in motion so as to break the 
circuit rapidly. 

300. In the magneto-electric instruments which have 
been descnbed, steel magnets are employed, and me- 
chanical motion is made use of to excite the electrical 
cuirent ; in those which remain, the current is induced 
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hj an electro-magnet whose magneUsm is alternately 
acquired and lost. The iostruments consist essentially 
of double helices containing bars or wires of soft iron. 
The magneto-electric current is thus obtained in ctm- 
junction with that excited by electro-dynan)ic inductbn, 
and the coinbiDed current b called a secondary, though 
only in part such. 

301. Separable Helices. This instrument is rep- 
resented in fig. 106. The external helix is of fine wire 



from one to three thousand feet long. It is made wholly 
separate from the interior helix and can be lifted directly 
off, as IS shown in fig. 107, where a is the exterior coil, 
and b the intenor one. The ends of this helix are en- 
closed in two brass caps to which the extremities of the 
fine wire are attached, and from which proceed the bind- 
ing screw cups C and D. The mner helix, which is 
]5* 
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fixed in ft vertical position on the stand, consbts of three 
or more strands of coarse copper wire each about twenty- 
five feet long. The 
similar extremities of 
these wires are coi^ 
nected at ooe ead. 
with the cup A, and 
at the other with the 
steel rasp or break- 
piece B. If one wire 
of a galvanic battery- 
be fixed in the cup 
A, and the other be 
.drawn over the rasp, 
iparks will be seen ; 
and if haadles be connected with the cups C D, slight 
shocks will be felt when the circuit is completed, and 
strong oues when it is broken. The instrument thus 
resembles the double helix described in ^ 345. 

302. If a rod of soft iron be introduced into the centre 
of the helix the spark is very much increased, brilliant 
scintillations are produced, and the shock when the circuit 
is broken becomes intolerable. The iron acquires and 
loses magnetism whenever the circuit is made and broken 
and induces a secondary current in both of tlie coils 
which surrtAind it. In the coarse wire coil, which also 
conveys the battery current, this appears in the increased 
sparks and scintillations. In the fine wire coil it is felt 
in the violent shock which results. 

303. Slight shocks may be obtained from the Inner 
coil itself by connecting one of the handles with the cup 



...Google 



tNDTJCTION OF ELECTXICITX. 175 

A, and the otlier witb the rasp B. The bundle of 
iron wires seen at d should be within the helix. The 
abocks are somewhat stronger when one handle is ia 
cODsectioii with the rasp and the other with the batterer 
wire which is drawa over it ; in this case ^e battery is 
included in the circuit of the secondary current. 

304. If the handle of annedled iron wires seen at d 
be removed from the bniss tube c, and substituted for the 
soft iron rod, the spark and shock are much increased. 
If the rod or bundle of wires be introduced gradually 
roto the helix, the spark and shock increase as il enters. 
The intensity of the shock may also be varied at pleas- 
ure, by altering the number of iron wires, the addition 
of a single wire producing a manifest eSect. If a glass 
tube be slipped over the iron wires in the helix, it will 
not interfere with their inductive action on the surround- 
ing coils. But if a brass tube be passed over them, 
their influence will be entirely suspended, as far as the ' 
shock and the spark are concerned. If the tube be 
slipped partly over ihem, their influence will be partially 
suspended. Here also is a means of regulating the shock 
witb the same battery current. 

305. The cause of the neutEdizing action of the tube 
is thus explained. The ma^Bt induces in the tube, 
as well as in the two coft,^^secondary current of 
electricity, which flows roftrfmi when the circuit is 
made or broken. This secondary induces a tertiaiy 
currenl in both the coils, whicb flows at the first instant 
ID an opposite direction to the secmidaries induced. in 
the coils by the magnet, and therefore retards them. 
As the secondary current in the tube is, however, instan- 
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laneou9, it induces another tertiary in tbe same direction 
with itself when it ceases to flow. The consequence is 
that the quantity of the current in either helix is not 
altered, but its intensity is reduced, owing to the slow- 
ness of its development. This is always the effect of 
any closed circuit to the neighborhood of an inducing 
magnet or current, on other circuits near it. 

306. If the cups of the fine wire coil be joined by a 
wire, it will Ibnn a closed circuit around the magnet, 
and will impair the spark when the circuit of the coarse 
wire coil b broken, though not to so great an extent 
as the brass tube, »Dce the latter offers a freer and 
shorter circuit for the induced current. The sparic b 
but slightly lessened when shocks are taken from the 
fine wire coil, because the human body is too poor a 
conductor to allow of the ready flow of the secondary 
through it. A metallic cylinder surrounding the helices 
will neutralize the sparks and shocks as well as an en- 
closed tube. 

307. When a bar of iron is placed in the centre of 
the coil, a secondary is induced in it as in the tube, 
which somewhat retards the secondary currents in the 
coils. Hence the grea^r shock obtained from a bun- 
dle of wires, wher^^'tms secondaryj, current cannot, 
circulate. To this ciixfSB is probably added another, 
the more sidden chang9-«i'the magnetism of the wires, 
when the battery current ceases, from the neutralizing 
influence of the similar poles of the wires oa each other. 

308. If the secondary current can be hindered from 
circulating in the brass tube, its retarding influence will be 
prevented. Thus, if the tube be longitudinally divided. 
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on one side, it no longer diminishes the shock or spark. 
In the same number if the bar of soft iron be sawed 
through to its centre, longitudinally, the shock and 
spai^ will be increased. If a soft iron tube be divided 
like the brass tube aod placed io the helix, the shock 
will be still stronger, though never so great as with the 
wires. The two brass caps at the ends of the fine wire 
coil would esert a considerable neutralizing influence if 
they were not divided on one side, as is represented in 
fig. 106. The ends of the caps are also cut through for 
the same reason. 

309. In this instrument there are some peculiarities 
in the shock occasioned by the motion of the battery wire 
over the rasp. If it is moved slowly, powerful, distinct 
shocks are experienced ; if the motion is quickened, the 
aims are much convulsed ; and if it is drawn over rapidly, 
the succession of shocks becomes intolerably painful. 
This however can be easily regulated. The shock from 
the secondary coil increases within certain limits in pro- 
portion to the length and fineness of the wire of which 
it is composed. There is, however, no advantage in 
employing a very long wire, unless the battery is pow- 
erful. The shock will also fee lessened if a very fine 
wire b used, ex^pt Its lengtb.be moderate. 

310. The strength of thf«hoc^ depends greatly upon 
the extent of the surface o f^ftifa ct between the hands 
and the metallic conductors. Thus, if two wires be 
fixed in the cups of the outer coil end grasped in the 
hands, the shocks will be slight in comparison with 
those given by the handles, and still more so if the 

^wires are held lightly in the fingers. These ejects, as 
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well as tbe increase of the shock by wetUng the hands, 
are due to the compaiadTely low intraiaty of the secon- 
dftiy current, which causes it to be transmitted Tery 
imperfectly by poor conductors. With frictional elec- 
titcity it is well known that no difiereoce in the shock 
is thus occa»oaed. 

311. When ibe quantity of the secoodaiy current is 
veiy small, an imperfect conductor or a surface of 
limited extent may be able to convey the whole of it, 
even if its intennty be not very high ; in which case 
the sensation and muscular contractions produced by it 
will not be increased, but often lessened, by any farther 
increase of the conducting power. Thus, if the shocks 
are Kcelved by placing the hands in two vessel of 
water coooected with the cups of the outer coil, and the 
current be rather feeble, it will produce tbe strongest 
sensation when Uw ends of the fingeis only are inmiersed. 
When tbe current is powerfiil, the shock is intolerable, 
whether the surface of contact with the water be large or 
small ; in the latter case it extends to a less distance up 
tbe aims, though it may be felt veiy strongly in the fingers. 

312. The shocks hare sufficient intrasity to pass 
wiebout much diminutioiu through a circuit formed by 
■several persons witb lh£|r hands joinwl, especially if 
their hands are moistmicd.^ Different individuals will 
be found to manifest remaAnle differences in regard to 
susceptibility to the shocks ; some heing but slightly 
afiected, perhaps feeling the shocks only in the hands or 
arms ; while others will feel them as far as tbe shoulders 
cv across the breast, and will expeiience strong muscu- 
lar cootracticHis in the aims. ^ 
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313. The difference in the atrength of the shock in 
the two arms, which has been desoiibed, in the case of 
the Magneto-Electijc Machine (see ^ 284), is exhibited 
more satisfactorily hj the separable b^es, as a rapid 
succession of shocks may be obtained of veiy nearly the 
same intensity. Suppose the handle connected with 
the positive cop of the exterior helix to be held in the 
right hand, and the one connected with the negative 
cup in the left hand. The left hand and ana will then 
^perienoe the strongest sensations and be the most 
convulsed. In determining the po»tive . or negative 
Qharacter oC the cups, regard should be had only to the 
tenninal secondary current, it being found that the initial 
secondary, whether induced by means of a voltaic battery 
or a permanent steel magnet, produces comparatively 
feeble physiological ejects, and consequently need not, 
in this case, be taken into account. This singular dif- 
ference in the intensity of the shocks is regarded as a 
purely physiological phenomenon, the greatest efiect 
both as respects sensation and muscular contractions 
being produced by the. electric current when it proceeds 
in the direction of the ramification of the nerves. 

314. If the ends of the secondary wire are put into 
vessels of water, a pecuhar shock may be taken by 
putting the fingras or hands into the vessels, so as to 
make a communication between, them through the body. 
If both wires be put into a trough, at some distance 
apart, and two fingers of the operator he placed in the 
water in a line between the two wires, a shock will be 
felt. Here the current prefers a passage through the 
body to that through the water which intervenes be- 
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tweett the fingers. The conducting power of the water 
may be made better than that of the human body by the 
addition of a sufficient quantity of comnion salt; in which 
case little or no shock can he perceired. If the fingers 
be placed at right angles to the line between the wires, 
no shock will be felt. The trough should not be of 
metal, but of some poor conductor of electricity. 

315. If a delicate galranometer be connected with 
the ends of the fine wire coilj the needle ^11 be deflected 
in opposite directions and equally far when the battery 
circuit is closed and opened. The same effect is pro- 
duced when the brass tube is slipped over the itoa wires. 
In this case, thtHigh the shock may have been prevented, 
the induced current still evidently passes. 

316. When a flat coil of fine wire, such as that rep- 
resented at Vf in fig. 95, is passed over the interior helix 
(the exterior one being removed), the shocks will be 
found to be strongest when ihe coil surrounds the middle 
of the helix, and to decline considerably in strengdi as 
it is either reused or depressed from this position. Now 
the magnetism of the ^closed iron wires, which induces 
the principal part of the current, manifests itself chiefly 
at the ends of the bundle ; !t might therefore have 
been expected that the flat coil would give the strongest 
shock when surrounding one of these ends. The shocks 
from the exterior helix are also lessened when it is raised 
from the stand so as to enclose only the upper part of 
the inner helix. 

317. This instrument is convenient for illustrating 
some of the most important principles of magneto-elec- 
tric and electro-dynamic induction, in consequence of 
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the facility with which the powers and uses of its several 
pans can be separately exhibited. The observations 
which have been made with regard to this instrument 
apply equally well to the two following, which are modi- 
fications of it. 

318. Separable Helices and Electeotohe. In 

the instrument represented in fig. 103, the inner helix 

is connected with an Electrotome or Contact Breaker, 

w -f^-108. 



similar to that described in '^ 329, fixed on the same 
stand, in addition to the steel rasp. There are two 
cups A and D for the battery wires ; these are con- 
nected through the electrotom^ with the inner coil. 
When the electrotome is made to vibrate, the curved 
wire dips its ends alternately into the cups of mercury, 
and rapidly breaks the circuit. One end of the coarse 
wire coil is also connected with the steel rasp, so that 
16 
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this may be used aa ia the last instiumeDt, when the 
current is not made to pass through the electrotome. 
At W 13 seen the end of the bundle of wires, and at 
T the brass tube, which may be elipped over them at 
pleasure. 

319. This iQstrument, and others resembling it in 
being provided with a mechanical contrivance for break- 
ing the battery circuit, may be used with a very »nall 
battery, although iu effects are of course most striking 
mth a powerful one. If a voltaic pair, consisting of a 
silver dollar and a piece of zinc of the 'same size be 
used, and the helix be filled with soft iron wires, the 
shock is quite severe. 

320. When the circuit is broken at the surface of the 
mercury, an intensely brilliant spark is seen, and the mer- 
cury is consumed or deflagrated, passing off in a white 
vapor. If the quantity of mercury be properly adjusted, 
the sparks occur alternately in the two cups, and in such 
rapid succession as to appear simultaneous. A little 
water or oil poured upon the surface of the mercury 
diminishes the brilliancy of the sparks, but increases the 
intensity of the shocks. 

321. These sparks are of so short duration that mov- 
ing objects appear stationary by their light. One of 
Page's Revolving Armatures, although rotating many 
hundred times a minute, appears at rest when viewed 
in this way ; and where the sparks succeed each other 
rapidly, it appears to leap from place to place as their 
light falls on it. Many optical illusions of tliis ^nd 
may be observed, as in moving the fingers rapidly, when 
their number seems increased, or rapidly turning over 
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the leaves of a book, when they seem to leap in the 
same manner as the armature. 

dS3. If the ends of the secondary wire be separated 
irom each other at the same moment that the battery 
circuit is broken, a spark will be seen irom the passage 
of the induced current. A beautiful light is produced 
if prepared charcoal points are attached to the ends of 
the secondary wire and held almost in contact. 

323. Water may be decomposed by connecting the 
ends of the fin© wire coil with an instrument for that 
purpose, having very small platinum wires guarded with 
glass, as originally used by Wollaston. These are pre- 
pared by inserting the wires into capillary glass tubes, 
which are heated till the glass melts and adheres to their 
ends so as to cover them completely. The platinum 
points are then esposed by filing away the glass. Or 
the wires may be thickly coated with sealing-wax which 
b afterwards to be removed in the same way from their 
points. It is of course only necessary to coat those 
parts of the wires intended to be immersed iu the fluid. ' 

324. The extremities of the platinum wires, while 
the decomposition is going on, appear in a dark room, 
one constantly and brightly, and the other in termittingly 
and feebly luminous. If the apparatus for decomposition 
is removed out of the noise of the electrotome, rapid 
discharges are heard in the water, producing sharp 
ticking sounds, audible at the distance of eighty or one 
hundred feet, and synclironous with the ruptures of the 
voltaic circuit. Decomposition is effected both by the 
initial and terminal secondary currents, that is to say, 
by the currents induced both on completing and on 
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breaking the battery circuit ; but the ticking noise and 
sparks ftccompanyiDg the rapid discbarges in the water, 
are produced only by the terminal secondary current. 
Both gases, hydrogen and oxygen, are given off in small 
quantities at each wire. The secondary current of the 
magneto-electric machine presents the same phenomena 
with the guarded points. 

325. A Leyden jar, the knob of which is connected 
with its in^de coating by a continuous wire, may be 
feebly charged, and slight shocks be rapidly received 
from it, by bringing the knob in contact with one of the 
cups of the outer helix, and grasping with the two hands 
respectively the outer coating of the jar and a handle 
connected with the other cup. A gold leaf electroscope 
is readily affected by touching its cap with a wire fixed 
in either cup of the exterior helix. If the contact, 
which should only be momentary, b made at the instant 
of the rupture of tlie primary circuit, the gold leaves 
will exhibit a considerable divergence without the aid 
of a condenser. Or the knob of a Leyden jar may be 
touched for q, moment with the wire, whea it will be 
found to retain a feeble charge, capable of diverging the 
gold leaves and of giving a slight shock. The wire 
must be well insulated from the h^nd in which it is held, 
or the electricity will be conveyed off, and do accumu- 
lation be obtained. 

326. If the cups of the large Thermo-Electric Battery 
(Gg. 15) be connected with A and D, and the vibrating 
wire be put in motion, faint sparks will be seen in the 
mercury cups, attended by audible snaps; and strong 
shocks may be obtained by grasping the handles 
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attached to the fine wire coil, especially if both heat.and 
cold are applied to the battery. A single thermo-electnc 
pair of antimony and bismuth, or of German silver and 
brass, will give a slight shock to the tongue when heated 
by a spirit lamp : it will be more perceptible when the 
ends of two wires fixed in the cups are made to touch 
the tongue than with a more extended surface of contact. 
This is probably due to the small quantity of the in- 
duced current, as has been mentioned in '5>311. These 
sparks and shocks are, of course, not stnctly thermo- 
electric but magneto-electric, 

327. When a bar of iron is contained within a horizon- 
tal helix, such as is represented in fig. 96, where the cir- 
cuit can be rapidly broken, and a small key or some nails 
are applied to one end of the bar, notwithstanding its 
magnetic attraction is intermitted every time the voltaic 
circuit is interrupted, yet, it being almost instantaneously 
renewed, they do not cease to be sustained. This ex- 
periment succeeds best when the iron bar is enclosed in 
a brass tube previously to being introduced into the 
helix, the closed circuits of the tube tending to prolong 
its magnetism. 

338. If an iron tube of sufficient diameter to admit a 
long helix of fine wire within it be itself passed within a 
coil of coarse wire, no shocks can be obtained from the 
enclosed helix, even when the tube is divided longi- 
tudinally on one side, to prevent the flow of a current 
in its substance which might neutralize that of the fine 
wire. It has been stated in Exp. 27, that a galvanic 
current passed through a coarse wire helix, enclosed in 
an iron tube, induces no magnetism in it. 
16* 
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339. SefuublI: Helices ahd Retoltino Abma- 
TnsE. Another form of the separable helices is rep- 



resented in fig. 109. When the battery wires are 
connected wirh the cups A and C, the current flows 
through the coarse wire coil, and also through Page's 
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Revolving Armature, which 'is attached to the stand. 
This is a modified form of the iostrument described in 
^ 183. The armature revolves rapidly, and hreaks the 
circuit each hatf revolution. The'.rasp R R is also 
connected with one end of the battery coil, so that if 
[he battery wire be removed from the cup C and drawn 
over the rasp, the current will be inlerrupted and scin- 
tillations produced. In this instrument and those 
which imti^ediately Ibllow, the apparatus for breaking 
ftbe circuit is self-acting, — a very interesting feature. 
The motions are readily produced by the smallest bat- 
tery ordinarily employed for these purposes. 

330. With a battery of even moderate power, the 
shocks may be made to follow each other with exceed- 
ing rapidity. When their strength is lessened consider- 
ably by removing nearly all the iron wires from the 
centre of the helices, it will he found that with this 
rapid succession instead of distinct shocks a peculiar 
sensation of numbness is experienced, extending a 
greater or less dbtance up the arms, and attended by 
loss of power over the muscles as far as it reaches. 

331. The shocks are never so powerful with -this 
instrument as with the one last described, supposing the 
length of the coils to be the same ; because the battery 
current is obliged to maintain the motion of the armature 
as well as to traverse a circuit of greater length. This 
reduction, which is not however very considerable, may 
be avoided by uniting the cup B with one of the binding 
SCTew cups of the Contact Breaker (^ 229), and fixing 
one of the battery wires in the remaining cup of that 
instrument and the other in the cup A. 

332. When the cups S S are united by a wire, the 
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speed of the revolviDg armature is altered to some ex- 
tent, in consequence of the preveDtkin of the secondary 
current which would otherwise be excited in the inner 
helix, and which prolongs the magnetism of the U 
magnet after the breaking of the circuit. It will depend 
upon the position and pressure of the sprii^ upon the 
breakpiece whether the motion is accelerated or retarded 
by this circumstance. 

333. Page's RETOLvutG Aruatdre fob shocks. 
The instrument represented in 6g. 110 consists of a U 
electio-magnet wound with a coil of fine wire for shocks, 
in addition to the coarse wire coil for the battery current. 

F^. 110. This is enclosed in a cylindrical brass 
case C resting on a wooden base. The 
iron of the electro-magnet is not a solid 
bar but a bundle of wires ; its poles pass 
' up through the upper board, and an 
armature A is fitted to revolve above 
them. When the cups c c are con- 
nected with the battery, the current 
cireulates through the inner coil, and 
passes through the springs which are 
. seen tn the figure bearing on the break- 
piece. The fine wire coil is connected 
with the cups seen at S, fixim which shocks may be 
obtained by handles as usual. 

334. It might be expected that the brass cylinder C 
would exert a neutralizing action upon the shocks, as it 
is not divided longitudinally. But it is found that a me- 
tallic casing which thus entirely envelops a U magnet 
cannot act as a closed circuit, because each magnetic 
pole tends to induce a current in it In the opposite 
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directioD to that which the other pole would excite; 
and consequently the secondaries of the coils are not in 
the least impaired by this arrangement. 

335. If one of the battery wires is brought firmly in 
contact with oue of the small pillars in which the sliver 
springs are fastened, and the other put into one of the 
cups c c, so that the eleclro-raagnct may be charged 
without the circuit being interrupted by the revolution 
of the armature, the fine wire coil will afibrd shocks ' 
perceptible to the tongue when the armature is made to 
revolve by drawing the finger over the axis. These 
shocks are duo to the disturbance in the magnetic state 
of the electro^magnet by the approach and recession of 
the armature. They are very slight, because the inner 
coi! afibrds a closed circuit for a secondary current whose 
neutralizing infiuence reduces the. intensity of the one 
excited in the outer coil. 

336. When an armature is brought suddenly up to 
the poles of a charged electro-magnet, an electric cur- 
rent is excited In its wires flowing against the battery 
current When it is withdrawn, a current flows in the 
same direction as that from the battery. The phenome- 
na belong to the same class as those described In ^ 273. 
The same effects are produced by bringing up a steel 
magnet or a second electro-magnet, if the attracting 
poles are presented to each other. When the repelling 
poles are presented, the two currents excited by their 
approach and recession flow in the reverse directions to 
those just described. ■ 

337. It lias been mentioned in '^ 204 that these cur- 
rents excited by motion present some of the most formi- 
dable obstacles to the employment of electro-magnetism 
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as a mechanical power. The independent motion of an 
electro-magnetic machine lessens the magnetizing power 
of the battery in proportion to its velocit)', because the 
currents thus excited in the wires (low against the gal- 
vanic current; while the application of mechanical 
power to drive the machine against its own motion assists 
the battery current in producing magnetism. 

338. Page's Cohpound Magnet and ELECntoron:. 
Ip fig. Ill a double helis. is seen attached horizontally 
to the base-board by two brass bands. In the centre a 
bundle of soft iron wires is permanently fixed. There 

Fig. m. are two cups for 

the battery wires 
at CKie end of the 
stand : one of these 
is connected with 
L the band which 

f sustains the glass 
cup C for contain- 
ing, mercury. To the second cup is soldered one end 
of the coarse wire coil, the other extremity of which is 
connected with the band upon which the brass cup B, 
also intended to hold mercury, is fixed. A bent wire 
W, moving on a horizontal axis supported by two pillars, 
dips its ends into the two mercury cups. To the oppo- 
site side of the axis is attached a curved piece of iron 
P, the lower extremity of which approaches nearly the 
end of the enclosed bundle of iron wires. 

339. When the connections are made with the bat- 
tery, the current will traverse the wire W and the inner 
heliK, causing the iron wires to become magnetic. They 
will now attract the end of the iron rod P ; whose roo- 
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tion raises the bfiDt wire out of the mercury in the cup 
C and breaks the circait. This destroys the magoetisni 
of the iron wires, and P ceases to be attracted. The 
wire W then falls back by its own weight, and the cir- 
cuit b renewed. A tliin slip of brass is soldered to the 
extremity of P, to prevent it from being retained by the 
electiti-magnet after the rupture of the circuit. 

340, In this manner a rapid vibration of the wire is 
produced, and britliant sparks and deflagration of. the 
mercury take place in the cup C. The proper balance 
of the vibrating apparatus b ensured by means of a 
brass ball screwing on a bent wire above the axis. The 
ends of the fine wire coil are connected with the other 
two cups on the stand, one of which is seen at A, 
whence shocks may be taken. 

341. Disguised Helix, for gfasks akd shocks. 
This consist of a metallic cylinder, fig. 112, enclosing 
a double hells and bundle nf iron wires. It is divided 

Fig.im Fig.li3. into three bands, insulated 

from each other by rings of 
ivory. At each end there 
is a circular rasp of steel 
attached to the metallic 

Dband nearest it. Fig. 113 
represents a section of tho 
instrument: A is the bundle 
of wires, B the battery coil, 

D C the secondary coil, and 
D D the insulating rings of 
ivory. The similar strands 
of the battery coil are con- 
nected at one end with the 
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rasp fixed to the band K, and at the other end with the 
rasp and band I. One extremity of the fine wire coil b 
also connected at E with the band I, and of course 
through the hatteiy coil with the hand K. The other 
extremity b soldered to the insulated band J. 

342. If now the inslmment be grasped by the middle 
band, as in fig. 112, and one end being rested on the 
pole of a voltaic battery, the wire W from the other 
pole he drawn over the rasp, the circuit in the helix 
will he alternately completed and broken in rapid suc- 
cession, and brilliant scintillations will he seen. So long 
as the operator confines hb band to the central band he 
will feel nothing, but if hb fingers touch at the same time 
either of the outer hands, he will receive a strong shock 
through the hand from the fine wire coil. If the wire W 
b not insulated from the right hand by heug wound 
with cotton, shocks will he felt in the arms when the 
other hand touches only the middle band. 

343. Maqneto-Electkic Apparatus fob uedical 
USE. The instrument most convenient, perhaps, for thb 

Fig.UL 



purpose is that represented in fig. 1 14. It consists of a 
double helix into which a bundle of iron wires can be 
inserted. ' The inner helix is composed of two or more 
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strands of coarse insulated copper wire. TKelr similar 
temiinations at ooe end of the coil are soldered to a 
binding screw cup standing singly near one extremity 
of the base-board ; their other ends are connected with 
both of the brass bands which confine the double helix 
to tbe stand, and by means of these with the steel rasp 
fixed above it. The outer helix is completely insulated 
irom the otlierj and consists of fine insulated copper or 
iron wire. Its ends are connected with two binding 
screw cupg at one extremity of the stand. In the figure, 
two metallic handles for shocks are seen at H, connected 
by wires with these cups. 

344. The galvanic battery represented in the cut is 
the small cylindrical battery ('^23), which is to be 
charged with a solution of blue vitriol, as directed in 
^21. This will keep in good action for fifteen or thirty 
miDUles at a time> When a more enduring power is 
wanted, it may be converted into a sustaining battery 
as described in ^241. This will maintain a steady 
ciirretat for several days in succession. The ends of the 
connecting wires should be kept clean and bright. 

345. The battery being charged, unite one of its, 
cups by means of a copper wire, with the cup belong- 
ing tc the inner coil. Then draw over the steel rasp 
another wire W, whose end is fixed in the remaining 
cup of the battery. If the hollow of the helix is filled 
with iron wires, bright sparks will be seen as the wire 
leaves each tooth of the rasp, and strong shocks will 

' b* felt by grasping one of the handles seen at H in each 

^ hflid. When the iron wires are withdrawn, the spark 

,^bomes faint and the shock feeble. These effects are 

piBfiuced by secondary currents excited in the coils in 

17 
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coDsequence of the alternate closing and openiog of the 
circuit of the galvanic current in the iuner helix, by the 
movement of the wire W over the rasp : see <^236, 302. 

346. The strength of the shock may be regulated at 
pleasure by varying the number of iron wires which 
are placed within the helix, or the distance which the 
bundle is allowed to enter it. The addition of a single 
wire produces a very perceptible increase in the shock, 
especially when only a few are already within. The 
intensity of the shock may be considerably increased by 
weiring the hands or other parts to which the handles 
are applied, especially with salt water. It may, on the 
contrsry, be lessened in some degree by dinihiishing the 
extent of contact between the handles and the surlftce 
of the body. If, however, the current is powerful and 
the contact too slight, a dlsagreeabht burning sensarion 
will be experienced at the part touched by the metal. 

347. The shocks may be passed through any portion 
of the body by placing the handles so as to include that 
part in the path of the secondary current ; their inten- 
sity is greater when the handles are near each other. 
The influence does not extend beyond the direct course 
of the current unless the shocks are severe. When, 
however, one of the handles is placed directly over a 
large and tolerably superficial nerve, the shock will be 
felt not only in the parts intervening between the han- 
dles, but through those to which the ramifications of the 
nerve are distributed. Thus, if one handle be held in 
the right hand and the other pressed upon the insid*«f" 
the left arm over the median nerve, the sensation ftTil 
be experienced even to the ends of the fingers, attested .. 
by convulsive motions of their muscles. -This is uac[ue3 
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tionably a physiological phenomenon, and not a conse- 
quence of tlie flow of the current below the position of 
the handle. The ditFerence in the intensity of the 
shock in the two arms, described in ^313, may be ob- 
seryed with this instrument. 

348. When it is inconvenient to break tlie circuit 
mechanically, some self-acting intemiplor may be added 
to the arrangement last described. In fig. 115, Page's 
Revolving Armature (i^i 182), which is probably the 



best instrument for the purpose, is seen in connection 
with the Double Hefix. The galvanic current is trans- 
mitted through the two instruments in succession, by 
uniting one of the battery cups with one of those be- 
longing to the Revolving Armature, whose other cup is 
connected with a cup h surmounting the Double Helix. 
-'^<^ cup a on the stand is to be connected with tbe 
otlftr plate of the battery. 

""^9. A convenient form of the sustaining battery is 
shown in the figure. The copper vessel C, which is a 
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single cylinder provided with a bottom, has on one aide 
a projecting mouth communicating by a number of per> 
forations with tlie interior of the cylinder. This is 
designed to hold solid sulphate of copper for the purpose 
of keeping the solution saturated. The zinc cyliuder is 
surntounted by two binding screw cups Z Z ; its internal 
surface is painted or varnished, to protect it from the 
action of the solution. Between the zinc and copper 
plates is a cylinder of leather closed at the bottom. The 
management of this battery is the same as of the one 
described in '^241. Tbo zinc plate might remain in 
the solution several days at a time without the battery 
materially declining in power, but it is better to remove 
it when not in actual use, as it would be needlessly cor- 
roded if kept constantly immersed. 

350. When the connections are made as shown m 
the cut, the armature will rotate with great speed, 
breaking the circuit twice in each revolution. The 
shocks will consequently succeed each other very rapid- 
ly. In the figure, the handles are seen applied to the 
arm for tbe purpose of con6ning the shock to the parts 
between them. A single thickness of wetted linen or 
cotton cloth may be interposed between the metal and 
the skin, if desired, without producing much diminu^on 
in tbe shock. 

351. If the apparatus is in use for half an hour only 
at a time, tbe battery represented in fig. 114 is better 
adapted than a sustaining one. When very powerful 
shocks are wanted, the Separable Helices (fig. 1Q$^,~* 
may be employed with a medium size or large cyl'mJri- 
cal battery (§23), instead of the Double Heli:t;;^S^ ' 
Revolving Armature, seen in fig. 115, can b^ connected 
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with the inner coil. The shocks are stronger when one 
of the battery wires is drawn over the steel rasp than 
when the armature is included in the circuit. The 
galvanic battery may be dispensed with altogether by 
employing the Magneto-Electric Machine represented 
ID 6g. 101 ; the shock is regulated by the speed of the 
annature, but b never very powerful. 

III. BY THE INFLUENCE OF THE EAHTH. 

352. Currents of electricity may be induced by the 
influence of terrestrial magnetism, but in consequence of 
the feebleness of the action it is not easy to render it 
sensible by the aid of wire coils alone. Deflections may, 
however, be obtained by connecting with a very delicate 
galvanometer a helix of coarse wire, such as is repre- 
sented in 6g. 48, or a flat spiral, Gg. 49, and having placed 
its axis in the line of the dip, suddenly inverting i(. 

353. A very evident efFect may be produced by 
employing the instrument represented in Hg. 116. It 

A Fi/;- 116. consists of a small rod of soft 

iron wound with wire, and 
fitted to revolve on a horizon- 
tal axis, which is provided 
with a pole-changer. Upon 
the segments of the pole- 
changer press two wires con- 
nected with the cups cc. The 
I instrument is the same as that 
described in "^ 178, though for 
this purpose it is an advantage 
to have several layers of wire wound upon the iron. 

n* 
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354. The mstrumeni being placed in such a directioa 
that the cuirent may be reversed when the bar A B 
arrives at the line of the dip, connect the cups c c with 
those of a delicate galvanometer. Now on causing the 
bar to revolve by hand in one direction, each end of 
the iron will become alternately a north and a south 
pole, as has been explainsd in ^ 305, and a current of 
electricity, whose direction changes twice in each revo- 
lution, wilt be induced in the surrounding wire. The 
two currents are turned into one direction by the pole- 
cfa&nger, and the needle of the galvanometer will be 
strongly and steadily deflected. By reversing the 
motion of the bar, a deflection in the opposite direction 
will be obtained. With this instrument, the current is 
slightly augmented by the feeble one excited in the 
wire coil by the direct tnagneto-electric induction of the 
eartb. 

355. In this and alt other cases where electricity pro- 
duces motion, and motion reciprocally electricity, the 
motion must be the reverse of that which would be 
produced by a galvanic current Bowing in a certain 
direction, in order to cause a current in the same direc- 
tion to be induced ; the same motion as that produced 
by the battery current exciting an oppoaite current. A 
similar reciprocal relation exists in the case of electricity 
and heat (see <^ 60), and of electricity aud magnetism. 
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THE ELECTKOTVPE PROCESS. 



356. It has been stated in Exps, 55 and 56, that 
metallic solulions^ay be decomposed by the magneto- 
electric current, and the metals deposited on the negative 
wire with their proper characters. The same effect is 
produeed by the galvanic current ; the precipitation of 
copper on the negative plate of the sustaining battery 
has been noticed in ^ 243; When the deposited sheet 
of copper is stripped dff, it is found to have copied with 
accuracy every scratch and irregularity on the surface 
of the battery plate. 

357. The idea of applying this fact to prac^cal pur- 
poses appears to have occurred nearly at the same time 
to Prof, Jacobi, of St. Petersburgh, and to Mr. Spencer, 
of Liverpool. Jacobi's first results were publbhed in 
1838, and Mr. Spencer's the following year, but he 
had made some experiments as early as 1837. The 
principal uses to which the process has been applied 
are the copying of medals, engraved copper plates, 
plaster casts, Sec, in copper: the name of electrotype! 
b given to the copies thus obtained, and sometimes the 
process or art itself is called simply The Electrotype. 
This mode of working the metals promises to be of 
some value to the arts, though full success has as yet 
been attained with but a few of them. 
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358. The readiest mode of obtaining a copy of a 
coin or medal is to make a cast of it in the fusible metal, 
which consists of eight ounces of bismuth, five of tin, 
and three of lead to the pound: this alloy melts at or 
near the temperature of boiling water. A little of it 
being melied in a clean iron ladle, is poured on a flat 
board, and the oxide skimmed from its surface by a card. 
Then the medal, which may be fixed with wax to the 
end of a stick, is to be suddenly and. forcibly pressed 
upon it. By one or two trials a mould may be made, 
presenting a perfect reverse of one face of the medal. 

359. A clean copper wire is then soldered to the 
projecting edge of the mould by heating it in a lamp 
near one end, on which a little rosin should be put. 
When the wire is hoi enough to melt the fusible metal, 
it is removed from the Same and its end pressed on the 
mould, which will adhere to it. The back of the mould 
and any other part which is not intended to receive a 
deposit are lobe varnished once or twice 'with a solution 
of shellac or sealing-wax in alcohol. This will dry in a 
few minutes, and the mould is then ready for the solution. 

360. A piece of thick rolled zinc may be soldered to 
the other end of the wire, which is bent in such a man- 
ner as to allow the mould to be immersed in a saturated 
solution of sulphate of copper, separated by some porous 
partition from a weak solution of sulphate of soda, in 
which the zinc is placed so as to be opposite the face 
of the mould. The solution of blue vitriol niust be kept 
saturated by suspending in it a muslin bag containing 
some of the salt. 
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361. A better mode is to connect the wire attached 
to tbe mould with the zinc plate of a smalt sustaining 
battery such as is described In "^241 or 349. With 
the copper plate of the battery is connected a piece of 
copper which is to be immersed with the mould in an 
acidulated solution of blue vitriol contained in a glass or 
well-glazed earthenware vessel. No partition is used, 
but the piece of copper and the mould must not be 
allowed to toucR each other. They should both be 
connected with tlie battery, and the copper placed in 
the solution, before the mould is introduced ; in this way 
the chemical action, which would otherwise be exerted 
on the fusible metal, is prevented, and the deposition 
of copper commences immediately. Any air bubbles 
which adhere to tbe mould must be dispersed. 

362. The solution is prepared by diluting a saturated 
one of blQe vitriol with one half or one third of its bulk 
of a mixture of one part of sulphuric acid with eight of 
water by measure. As the copper is deposited on the 
mould, an equal quantity is dissolved off of tbe immersed 
plate, so that tbe original strength of tbe solution is 
maintained except for the loss of water by evaporation. 
The wire which connects the piece of copper with the 
battery must be defended from tbe solution in the same 
manner as the back of the mould, or it will soon be 
dissolved off. 

363. During the solution of the positive plate a con- 
siderable quantity of black matter is left, which would 
injure the copy if allowed to fall on the mould. It is 
therefore best to place both in a vertical position, the 
face of the mould being opposite the piece of copper. 
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The solution must be stirred occasionally to keep its 
upper and lower parts of equal strength. If the copper 
is entirely dissolved before the deposit is sufficiently 
thick, a new piece may be soldered to the wire. 

364. When the process is going on well, the deposited 
metal will be of a very light copper color. The rapidity 
of the deposition depends greatly upon the temperature; 
the process proceeds much faster in warm weather than 
in cold, and still more so if .the solution be kept hot. 
A thickness of one tenth of an inch may require from 
three days to a week for its formation, when artiBcial 
heat is not used. When a sufficient thickness has been 
attained, ihe copy may generally be removed from the 
mould without difficulty, care being taken to cut away 
any copper which embraces the mould at the edges. 

365. The cast will be found to be a perfectly accu- 
rate and sharp copy of the original ; its surface is usually 
of a bright copp.er color, but sometimes it presents a 
brilliant silvery lustre. If it is discolored, it may be 
cleansed by immersioo for a few moments in nitric acid 
and then wasbedwith water. It may be bronzed by 
brushing it over with black lead immediately upon 
its removal from the solution, and having heated it 
moderately over a clear fire, rubbing it smartly with a 
brush, the slightest moisture being used at the same 
time, in order to remove the black lead. 

366. A mould may be formed by placing the medal 
or coin itself in the solution and depositing copper upon 
it. A 6i]e copper wire should be passed round the rim 
to connect it with the wire attached to the zinc plate of 
the battery ; and as one face only can be advantageously 
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copied at a time, the other side should be coated with 
wax or varnish. The deposit is apt to adhere veiy 
firmly, sometimes so- much so that its removal !s impos- 
sible. This may be avoided by covering the medal 
with melted wax, and while warm wiping off the wax 
as far as possible with a cloth. Or advantage may be 
taken of the very thin film of air which adheres to bodies 
exposed to the atmosphere, by not placing the medal in 
the solution until the counections have been made with 
the battery, and the copper plate introduced. This film 
is soon removed by immersion in the liquid ; and imme- 
diately by strong nitric acid, or a solution of potash, or 
by the application of heat. 

367. The mould thus obtained may have a wire sol- 
dered to it and be placed in the solution like the fusible 
metal one ; but after being heated by the soldering, and 
particularly if cleaned by nitiic acid, it should be ex- 
posed to the atmosphere for twenty-four hours to gain a 
film of air, or be treated with wax like the original 
medal. It is so easy to take a copy by the fusible 
metal, by white wax, &c., that a valuable medal should 
never be trusted in the solution. 

368. Every ounce of copper deposited requires the 
solution of somewhat more than an ounce of zinc Irom 
the zinc plate of tlie battery. Five or six electrotypes 
may be made at once, without increasing this expense, by 
arranging in succession several vessels, each containing 
a mould and a copper plate connected by a wire with 
the mould in the next one. Tho plates of copper and 
the moulds should all be nearly of the same size, and 
he solution should contain less blue vitriol and more 
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sulphuric acid thao directed in ^ 362, particularly if the 
series extend beyond two or three. When the moulds 
are small, glass tumblers form the most convenient ves- 
sels. In Ibis way several ounces of copper are obtained 
with but a slight increase lu the quantity of blue vitriol 
required for working the battery, and a little more cor- 
rosion of the zinc plate. 

369. An engraved copper plate may be copied by 
taking an impression on clean and bright sheet load with 
8 powerful press ; or if the plate is small, it may be 
pressed by hand on the melted fusible metal. Or a 
mould may be made by depositing copper on the plate 
Itself, but care must be taken to prevent adhesion both 
of the mould lo the original, and of the copy to the 
mould, as directed in ^366 and 367. The duplicate 
thus obtained will furnish engravings which cannot be 
distinguished from those printed from the original plate, 
however elaborate the design and delicate the workman- 
ship may be. 

370. An engravuig printed from an electrotype plate 
is given, as a specimen of tlie art, in the frontispiece to 
this Manual, in company with one from the original 
copper plate. No difference can be detected between 
the impressions except that arising from the greater or 
less quantity of ink left in the work, as occurs in different 
engravings printed from a single plate. This appears 
to be the most important application of the art yet made, 
as in cases where a large number of impressions are 
required, two or more plates have been obliged to be 
engraved, while now it is only necessary to engrave one, 
which will not be injured in the slightest degree by 
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taking copies from it. Sieel piales may be copied by 
means oflead or fusible metal, but they must not them- 
selves be placed in ihe solution. 

371. Wood cuts may be copied by taking impressions 
from the blocks in ibe fusible metal ; this has been done 
in the present work where it was desirable to introduce 
a single instrument in one figure and afterwards to show 
it in connection with some other. Thus fig. 63 is print- 
ed froni an electrotype taken from the block of 6g. 99. 
This is not, however, an important application, as the. 
blocks can easily be stereotyped. The electrotypes 
may thus be obtained either with the design in relief, 
like wood blocks, or in intaglio, like copper plates. 

372. Moulds are obtained from plaster medallions by 
placing them in hot water with the face upwards until 
the water (which should not be deep enough to reach 
the face) has thoroughly penetrated the plaster in every 
part ; but none should remain on the surface. The cast 
being then removed and a slip,of paper wrapped round 
the rim, melted white wax is immediately poured into 
the cup thus formed. Any air bubbles which are seen 
must be dispersed. The wax will be completely cold 
and bard in two or three hours, when it may be taken 
off of the cast with perfect facility, if the latter has been. 
wetted sufSciently. The medallion will not be injured 
by the process except perhaps discolored. 

373. It is now necessary to render the surface of the 
wax mould a conductor of electricity. This is done by 
giving it a coating of good black lead, which should be 
rubbed over its face with a soft brush until it acquires a 
shining black appearance ; a very thin film is sufficient. 

18 
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A copper wire is then to be heated in a lamp, and its 
end pressed upon the edge of the mould, when it wilt 
become imbedded in the wax. Communication between 
the wire and the face of the mould b to be ensured bj 
rubbing a little black lead on the parts around the wire. 
Great diSerences exist between one sample and another 
of plumbago, some being very poor conductors. Per- 
haps the best test of good black lead is its caking to- 
gether and adhering when pressed between the thumb 
and finger. 

374. The mould when thus prepared may be put into 
the solution, care being taken to remove air bubbles. 
The deposit commences upon the wire and extends 
gradually over the black leaded portions. It is better 
that the copper connected with the copper plate of the 
battery and placed in the solution shouM be a w'ae 
rather than a large piece, until the deposit lias extended 
some distance over the black lead. When the copy is 
taken from the mould its surface will usually be found 
discolored, though if the layer of black lead was thin it 
may be perfectly bright. The mould may be employed 
again, if a new coating of black lead is given to it ; the 
fusible metal moulds can also be used several times if 
uninjured. =% 

375 Seals may be copied by a very simple process. 
They are to be covered with a thin film of black lead 
rubbed on with a hard brush. If this does not adhere 
readily, the seal may be very slightly wet with alcohol, 
care being taken not to roughen the surface. A wire is 
then melted into the sealing-wax and the seal placed in 
the solution. The operation is similar in all respects to 
that required for the white wax moulds. 
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376. The copper may be deposited in tliree difiereut 
states ; as a black, spongy or pulverulent mass, or in a 
crystalline form, or lastly, as a ductile and malleable 
plate. The black deposit is obtained when the quantity 
of electricity is too great in relation to the strength of 
the solution. This can be remedied in several ways; 
OS by using a weaker charge for the battery, or by in- 
creasing the proportion of blue vitriol and lessening that 
of the sulphuric acid in the solution. Or the mould 
jnay be removed to a greater distance from the opposed 
plate of copper, or lastly, the size of this plate may be 
diminished. 

377. The crystalline deposit is obtained when the 
quantity of electricity is too small in proportion to the 
strength of the solution. In this case, the crystals are 
minute and the copper is very brittle. The quantity of 
electncity which passes through the solution may be in- 
creased by adopting the opposite measures to those just 
indicated for avoiding the black deposit. 

378. Another variety of the crystalline deposit occurs 
when the quantity of electricity is large, and at the same 
time the solution is very strong and but slightly acidu- 
lated, especially if the mould is small and the opposed 
copper plate of considerable size. The deposited metal 
is then very hard and is composed of large crystals. 

379. For most purposes the metal is wanted in a 
ductile and malleable state. To effect this, both of the 
extremes above indicated must be avoided. It is better 
dial the metal should be somewhat hard and elastic 
rather than very soft and flexible. When the current 
b of proper strength, the outer surface of the deposit 
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remains nearly smooth until it attains a considerable 
thickness, if the solution is kept of uniform strength 
throughout by stirring it up occasionally. The soil, 
flexible deposit is obtained in the greatest perfection 
when a current is maintained of such a power that by- 
drogen is just on the point of evolution from the negative 
plate or mould ; if bubbles of the gas are seen to rise 
from it, the current is too strong, and the deposit will 
partake more or less of the spongy character. 

380. When the copper plate which is opposed to the 
mould in the solution is coated with was, in which lines 
are drawn reaching the metal, it will be etched by the 
acid, and may afterwards be printed from like a plate 
etched in the usual way by nitric acid. The sulphuric 
acid dissolves the copper just in proportion to the quan- 
tity of electricity passing. The negative plate should 
be of the same size as the positive one, and be placed 
parallel to it in the solution. 

381. The action which takes place is as follows : the 
sulphate of copper and the water of the solution are 
both decomposed ; sulphuric acid and oxygen are deter- 
mined towards the plate connected with the positive 
pole of the battery, and oxide of copper and hydrogen 
towards the other. The oxygen and the acid combine 
with the positive copper plate, again forming blue vitriol; 
while at the negative plate, the hydrogen forms water 
with the oxygen of the oxide of copper, and the pure 
metal is deposited. 

382. The precipitation of the other metals is regu- 
lated by the same laws, but it is more difficult to obtain 
them in a useful state. .Those which it is most impor- 
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tant to be able to work in this way are gold, silver, and 
platinum. The solutions of all the noble metals are 
good conductors of electricity, and very easily decora- 
posed ; hence there is a great tendency to the evoludoo 
of hydrogen and the formation of a black deposit. 

363. A battery consisting of three or four pairs of 
plates of small size and very weakly charged b best 
adapted for the noble metals, as the current should be 
of coBsiderable intensity but small quantity. We have 
seen in Exp. 56 that gold is readily deposited with its 
proper charact^s by the magneto-electric current. 
The face of a medal may be made of gold or silver 
by depositing a thin layer of either of these metals, and 
afterwards filling up the back with copper ; hut the face 
of the mould must be itself of gold or silver. A more 
important application is to cover the oxidizable metals 
with a thin and permanent coating of the noble ones. 

384. Silver, copper, and brass may be gilt by em- 
ploying a very dilute solution of the nitro-muriate of 
gold. The article should be previously cleaned by 
diluted nitric acid or by a solution of potash, and after 
washing in water, immediately connected with the zinc 
end of the battery series and placed in the solution. Its 
immersion must be the last thing needed to complete 
the circuit, or the gold will not adhere 6rmly. The 
smoother and larger its surface, the more favorably the 
deposit will take place upon it. A very fine gold or 
platinum wire is to be used as a positive pole, being 
immersed to a greater orJess depth in the solution. 
Whenever during the pnicess the deposit becomes 
18* 
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blackened, the negative plate should be taken out and 
tubbed with a little wbiling. 

385. When the surface is completely covered with 
gold, the strength of the solution may be increased. 
The coating can be made of any desired thickness, and 
may bo limited to any portion of the article, by covei^ 
ing the remaining parts with wax, or varnishing them. 
Silver spoons may be gilded, after being cleaned as above, 
by pressing a wire connected with the zinc pole of the 
battery upon the handle by a small forceps and then 
immersing the rest of the spoon in the solution. Id 
gilding copper, the point only of the positive wire must 
be immersed, and the solution must be very weak, or 
the deposited gold will be of a red color, in consequence 
of the solution of some of the copper. 

386. Silver may be deposited on copper by employ- 
ing a solution of tbesulphate or acetate of silver, but it 
is difGcult to prevent the formation of the black powder. 
The article should be rubbed with whiting before being 
placed in the solution, and frequently during the process. 
A very Gne silver wire is used as a positive pole. 

387. Platinum may be thrown down on silver, cop- 
per, &.C., from its solution in nitro-munatic acid, but the 
process is difficult. The solution must be very weak, 
and the object to be coated smooth and well cleansed 
by potash. The positive pole should be a fine platinum 
wire. Any powder which may be deposited on the 
article is removed by rubbing it occasionally with 
whiting. The coating thus obtained has almost pre- 
cisely the color of polished steel. 
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388. New Magneto -Electbic Atfabatdb roa Med. 
lOAL Ube. la the instrument lepresented in Fig. 117 
there ia a double heliz, H, within which a bundle of irot; 
wires can be inserted. The inner helix is composed of tw< 



or more strands of coane insulated copper wire. The simi 
lar terminations at one end of the coil are soldered unde 
the base-board to the binding screw cup, a; theii other end 
are connected with the foot of the brass pillar, F. At E i 
a small electro-magnet, one end of the wire aturoaDdin 
which ia soldered to the small brass pillar between i 
and P, the other end to a binding screw cup coirespondini 
to a, but concealed, in the cnt, by the electro>nuignet Jug 
above the poles of the electro-magnet is its annatote, i 
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amall bai of iron fixed by a fi&t silver spring to the small 
brass pillar. This spring bears against the point of a 
screw, *, passing down through, the arm attached to the 
pUlar, P ; thus allowing the armature a slight motion in a 
vertical direction to and from the poles of the magnet 
The lower end of the screw terminates in a short piece 
of thick platinum wire ; and the silver spring has a small 
islip of platinum soldered to it at the point where the wire 
'fixed to s bears upon it When the instrument is in ao- 
tion, a rapid succession of electric sparks occurs at this 
iplace, and if any oxidlzable metal were used, it would 
very quickly become oxidized at the point of contact 
thus preventing the flow of the battery current Iq the 
■two forms of the apparatus next to be described, the 
same arrangement is employed. The outer helix consists 
of fine insulated copper or iron wire, the ends of which 
are soldered to two binding screw cups at the opposite end 
of the base-board to the ele ctro- magnet ; one of the cups 
is seen at b, the other is hidden by the helix. 
■ 389. At B, in the foregoing cut, is represented the 
Galvanic Battery, consisting of a double cylinder of 
copper, with a bottom of the same metal. The space be- 
tween the two copper cylinders receives the solution, into 
which the movable cyhnder of zinc is to be let down 
when it is desired to put the battery in action. Three 
insulating branches of wood or ivory, fixed to the zinc 
cylinder and resting on the edge of the copper one, sus- 
tain the former when in the solution, so that it may not 
tonch the copper at any point. The solution is made by 
dissolving blue vitriol (sulphate of copper) in water, in 
the proportion of 3^1b to a quart; this may remain in the 
battery aa long as it retains its power, but the zinc plate 
must be taken out after using the battery, and the deposit 
which forms upon it be removed by a card brush with 
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water. A deposit alio takes place ia the copper cylinder, 
which should be removed occasionally. This battery will 
keep in good action for half an hour at a time. 

390. When the battery is charged with the solution 
and the zinc plate introdiiced, connect its cups by copper 
wires with those on each side of the electro -magnet E, as 
shown in the cut The galvanic current will then pass 
from the cup, a, through the inner helix, to the pillar, F; 
thence through the screw, s, and the silver spring to the 
small pillar, from which it will flow through the electro- 
magnet E, to the cup corresponding to a. When the circuit 
is completed, the electro-magnet will instantly become 
charged and will attract its armi^ture, thus drawing down 
the spring from the screw s, and interrupting the circuit. 
The magnetism of E now disappears, and the armatnre 
being no longer attracted is raised from its poles by the 
spring, which again renews the circuit by touching s. ' As 
the armature thus vibrates rapidly, a quick succession of 
shocks is felt by a peraon grasping two raetalUo handles 
connected by wires respectively with b and the other cup 
at the same end of the stand. 
. 391. The shocks are made more oi less rapid by turn- . 
ing the milled head at s in one or the other direction, thus ■ 
altering the distance between the armature and the mag- , 
net. In fig. 1 17, an arrangement is shown for passing the i 
shock through the body from the foot to the hand; by, 
means of a slipper fitted with an interior metallic sole^i 
which may be connected by its binding screw cup with a 
wire fixed in the cup b. The electric current will now paas' 
through the body when the handle connected with the cupi, 
corresponding to Sis grasped in the hand. In every case,-, 
the strength of the shock is regulated by the number ot, 
iron wires placed within the helix, or the distance to-,. 
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which the bundle ii inserted. It may be increased by 

wetting the hands or othei parts to which the handles 

are applied. 

fb. lis. 392. Theinstru- 

meat repreeented in 
%. 118, is similar to 
that last doscnbed, 
except that the doab- 
ble helix is placed in 
a vertical instead of 
a horizontal position. 
The same letters of 

reference are osed as in the preceding ouL 

rm. 119. 393. Anotherfonn of the instrument 

own in %. 1 1 9, in which an upright 
, similar to H in fig. 118, together 
an electro-magnet corresponding to 
re enclosed in a cylindrical brass 
having a top and bottom of wood, 
poles of the electro-magnet pass 
gh the wooden top and are seen 
; cut with the armature above them. 
[ is the bundle of iron wires, which 
!S into the helix through an open- 
Dg in the top of the case, so as to be removable at pleas- 
ire, for the purpose of modifying the shocks. Behind 
he armature are shown the binding screw cups for con- 
lection with the battery, and at b, thise for the shocks. 

A thin shp of brass soldered to the face of the arma- 
,ure, prevents the iron from inmiediate contact with the 
joles of the magnet, which would otherwise retain it, 
ifter the iutenuption of the current with sufficient force 
a prevent its being raised by the spring. 
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394. Fig. 120 repiesents a Hmall instnunent designed tc 
Ulnstnte the principle of Morse's El»ctro- Magnetic Tele* 
graph. At E is an electzo-magnet fixed in a vertical posi- 
tion, and having the ends of the coil surrounding it con- 
nected with the binding screw cups on the stand. Above 
its poles is the aimatuie A, a«cured to one end of a lever 



whose other end bears a steel point directed upwaids 
nearly vertically. This arm of the lever is drawn down 
a little by a spiral spring a, fixed to the base-board below. 
To the face of the armature is soldered a thin slip of brass, 
to prevent it from being retained by the magnet after the 
interruption of the electric current. The narrow strip of 
paper on which the writing is to be done, is drawn slowly 
nnder the roller B, (which turns &eely on a horizontal 
axis,) passing between it and the steel point A narrow 
groove is cat round the roller at the part where the point 
bears against it 

395. If the paper be passed in this way while the 
point is held down by the spring, as in the cut, no mark 
wUl be made upon it. Bat if one of the cups on the 
stand be connected by a wire with one pole of a gal- 
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Tanic b&ttery, and a wire attached to the otliei cup be 
brought in contact with the remaining pole of the battery, 
the electro -magnet will inatandy be charged, and by 
attracting its nimature will raise the point at the other 
end of the lever, causing it to press firmly against the 
paper. The wires connecting the instiiunent with the 
battery may be of any length, if the battery is sufficiently 
powerful and the wires well msnlated. The point re- 
maining in contact with the paper as it is drawn under the 
roller from right to left, indents it with a continuous line. 
On raising the wire from the pole of the battery, the 
magnet immediately releases its armature, and the point 
is drawn away from the paper by the force of the spring. 
If the wire touches the pole for a moment only, a dot is 
made on the paper. In this way, any combinations of 
dots and lines of difierent lengths may be formed. 

396. The following Table exhibits the signs employed 
by Prof. Morse : 

MORSE'S TELEGRAPHIC ALPHABET. 



ALPHABET. 



h 

C - - - 

d 

e ' 

/--■ 



NUMERAL!. 



3 

4 

5 



{---■ 
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THE 

MEDICAL APPLICATION 

op 

ELECTRICITY. 



1. la commencing a sketch of the application of Etec* 
tricity to disease, it may be well to state in the fiist 
instance, the increasiog importance of this agent in con- 
nection with physiology. Thfe particular mode of its 
application must be defened until the instruments used in 
prodncing it, shall have been described. The remarkable 
effects of electricity on the muscular system, were ob- 
served at a very early day, and it was soon perceived 
that, in its action, it resembled the vital power by which 
muscular contractions and the various vital functions 
were efiected. Speaking in the strictest language of 
science, without any theoretical expression, electricity- 
was recognized as an important vital stimulant, if, indeed 
for practical purposes it did not, as a direct agent, stand 
alone in this respect. It was soon introduced with great 
effect in the treatment of paralysis. Still later, it nas 
resorted to in cases of nervous prostration, and in all 
nervous disorders. It is now employed, under contin. 
nally new circumstances, in diseases of every nature and 
class, in which the nervous system sympathizes with 
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physical dlBorder, and in which the principle of life is 
involved. That is to say, electricity is nov an agent 
which has its application, either proper or improper, to 
almost every case of disease. Besides this genend ap- 
phcation, electricity has also a local apphcation, being 
used to excite particiilar vital functions, which aie par- 
alyzed or inactive. The whole field, however, is, to a 
great extent, unexplored, and commends itself to the 
caroful consideratioD and experiment of the practitioner. 
2. It will be impossible, within our present limits, to give 
more than a very general account of the instruments and 
means by which electricity is produced for the purpose of 
medical apphcation. The electrical currentwhich is gen* 
eralty used, is one of high Intensity and small quantity, 
induced by another current, its opposite in these respects, 
which is obtained from a single galvanic pair. The theory 
and facts of electrical inchiction, as far as these are estab- 
lished, will be found in Davis's Manual of Magnetism, 
but cannot here be dwelt upon. When the source of 
electricity is a magnet, a current is induced by mechani- 
cal agency, which is also of high intensity and small 
quantity. These currents are used because it is neo- 
essary to have a certain amount of intensity, to produce 
the physiological efiects, and in the apparatus which 
is alone applicable to common medical use, — from its 
size, convenience, and comparative cheapness, — apart 
of the quantity has to be sacrificed to obtain intensity. 
Thus, the current of a single galvanic pair is useless and 
inapplicable for this purpose, from its low intensity, but 
by means of the electro-magnetic apparatus, it may be 
made to induce a current of greater intensity and less 
quantity than itself. 
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3. tn the extensive use of electricity for disease, it 
would, perhaps, be worth the while of the intelligent 
practitioner, to employ the direct current of a galvanic 
battery, of from fifty to a hundred pairs,* by wliich both 
qnantity and intensity are obtained together. By all 
theoretical considerations, the influence of this form of 
electricity, sbonld be greater than any other, but the 
cornparison of the physiological effects of the two has 
never yet been made in practice. It is hardly necessary 
to say, that the common electrical Tnachine is inappli- 
cable for general medical purposes, both from the great 
intensity and iafinitely small quantity of its electricity, 
and from the inconvenience and uncertainty of its use. 
In some surgical diseases, however, as in certain affec- 
tions of the eye, and in indolent ulcers, simple electricity 
drawn from a point, seems to be the only form in which 
this agent can be employed. 

Fig. I. 

4. Batteries. There 
^ re two forms of the single 

alvanic pair which may 
e conveniently used in. 
mnectioa with the elec~ 
o -magnetic apparatus. — - 
'he first of these is the 
}mmon cylinder battery 
„ vertical section of whicli 
is represented in fig. 1. C, C, is a double cyhnder of copper 
with a bottom of the same metal, which answers the pur- 
pose of a, galvanic plate, and forms also the containing 
vessel for the exciting solution. There is a movable 
cylinder of zinc, Z, which is to be let down into the solu-, 

• Davis's Mftiiu&l of MBgneliBm, { 31. 'j 

1# 
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tion whenever the battery is to be put in actkm. It is of 
course intermediate in size, as well as in position, to the 
two copper cylinders, and is made to test apoo the ex- 
terioi one by means of three insulating supports.* The 
exciting solution to be used, is one of sulphate of 
copper, (blue vitriol,} containing aboat 2 oz. of the blue 
vitriol to a pint of water. The copper in the solutioii 
is deposited while the battery is in action, so that it is 
necessary occasionally to add more of the blue vitriol to 
the solution. The zinc plate becomes coated in the 
battery, so that it is necessary to clean it after using it, 
with the wire brush, whenever the meta! has become 
thickly furred. The coating should be removed each 
time, so as to expose again the bright surface of the 
zinc. When the plate is only tarnished, or sUghtly coated, 
it will be found difficult to efiect the removal of the da- 
posit, and it may be allowed to remain without cleaning 
until fuither use. The wires which convey the current 
to the electro -magnetic apparatus, are coimected by 
means of the screw cups, N and P, severally, with the 
zinc and copper plates. 

5. The second form of battery which may be used, is 
the protected battery, which will be seen in fig. 3. It has 
only an outer cylinder of copper with a bottom, which 
thus forms the containing vessel. Between the zinc 
cylinder and the copper, is interposed a porous cylinder, 
closed at the bottom, made either of leather or porous 
earthem ware. Two solutions are used in this battery, 
a solution of sulphate of copper, as in i 4, between the 
porous cylinder and the copper, and a solution of Glaub- 
er's salt or table salt, within the porous cylinder, with the 
zinc. The lip, L, which is seen in the battery, is useful for 
«!>>*»■■ Munul, i so. 
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adding ths sulphate of copper salt, to be slowly dissolved, 
wheo the solution haa become weak. The advantage 
of this battery is, that its action is prolonged and more 
constant, and that the zinc, if kept oat of the battery, 
when not in action, does not need to be cleaned so often. 
6. £i.EoTao-M AON STIC Appakatus. From the battery 
we pass to the electro-magnetic apparatus, which is 
shown in connection with the battery, in fig. 2. It 
consists, in its simplest form, of two helices of wire, 
one round the other, and in the axis of both a rod of 



soft iron or a number of iron wires. The current from 
the battery is made to pass through the inner helix, which 
is of coarse copper wire, and by so doing, it magnetises 
the iron lod or wires in the centre,* Now the moment 
that the current is established in the inner helix, or that 
magnetism is established in the iron, an induced current is 
excited in the outer helix, by the agency of both of these 
changes, which are going on within it.t While the bat- 
tery current continues, and the iron remains magnetised, 
no electrical current is occasioned in the outer helix ; but 
when the current is suspended or broken, the inner helix 

« Thivis'a Manual, f 131. f I>bvu'> MbdiuI, \ 301. 
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and the magnet again conspire to indnce a momeataiy 
secondary current, as it is called, in the outer helix. The 
secondary current, induced when the battery circuit i« 
first completed, is not intense enough to be available fiw 
medical use. The current induced when the battery 
circuit is broken, is much more intense, and is therefore 
always relied upon for this purpose. Of course to ob- 
tain the electrical shocks in succession, it is only neces- 
sary to make and break the circuit with whatever rapidity- 
may be required. This is eSected in the instrument, by 
means of the break piece, over which one of the battery 
wires, W, is drawn by the operator. Every time that 
the wire leaps from tooth to tooth, the current is broken, 
and a shock results to the person holding the handles, 
H, which are connected with the ends of the helix of 
fine wire, by means of the screw cups on the base board. 
A brilliant spark and scintillations will also be observed 
at the same moment, at the point of contact of the wire 
with the break piece. The other wire from the battery, 
is also fastened into its appropriate screw cup on the 
board. As the secondary current results in part, or indeed 
to a great extent, from the iron wires contained in the 
helix, it follows, that by withdrawing the bundle of wires 
partially out of the helix, or by withdrawing a part of 
them wholly from the helix, the shock may bo graduated 
at pleasure from one entirely inseEsible, to one insup- 
portable to most nerves. The handles represented in 
this figure are cylinders of wood atone extremity, aud of 
German silver at the other. The wooden part may bo 
held by the operator or patient without experiencing any 
shock. It will be observed that in this instrument, and 
all succeeding ones of this description, that the screw- 
cups with which the battery wires are connected, are 
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made for the sake of distinctioa, higher and with a. lajgei 
head than those with which the handles are connected. 
The wires or poles, as they are often called, connecting 
the battery with the electro -magnetic apparatus, are ol 
necessity larger than those connecting the electro-mag- 
netic apparatua with the handles, because they convey a 
l«ss intense current. This ihould be remembered in 
making the connection, when the wires furnished with 
the instrument are of different sizes. 

7. Elbctro-Maonetic Appaeatus and Revolving 
Aeuatusb. Fig. 3 represents the same apparatus with 



the addition of the revolving armature apparatus,* through 
which the battery current is also made to flow. By the 
magnetism and interruption of magnetism, in a "U electro- 
magnet, which is effected by the motions of the instrument 
itself, a little armature is made to revolve with great 
lapidity, and in so doing, it breaks the battery circuit 
twice each revolution, and coincident shocks are of course 



« Dnvu'B M^Qual, ^ 163. 
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jeceived froin the helJx of fine wire. The connections 
are shown in the figure. The mode of application to the 
snu of a patient, is also illiiBtrated, though the cyhndiical, 
metallic handles which are exhibited there should be 
replaced by handles which terminate in a large plane oz 
curved metallic surface, and the shaft of which is of 
wood, to insidate the hands of the operator or patient 
It may be remarked here that the dry skin being a poor 
conductor, the efiect when desired may be increased by 
moistening the hand or the surface of the skin with 
water, and still more so by salt and water. 



8. Electro-Maqnetio Apparatus and Rbvolvino 
Armature. Fig. 4 represents the same electro -magnetic 
apparatus as last described, with the revolving armature 
on the same base-board. The cylinder handles are held 
by the patient This instrument may be used in the 
same manner as fig. 1, by removing one of the battery 
wires from its screw cup on the board, and drawing it 
over the break-piece. It will readily be found by experi- 
ment, from which screw cup it is necessary to withdraw 
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the battery wire, to obtaia the shocks and scintillations. 
On account of the connections of the machine it is the 
wire only from one screw cup which will produce the 
result The shock is stronger when the cHirent is broken 
by the break piece than by the revolving armature, as part 
of the energy of the current is consumed in producing 
the mechanicni effect of revolution. It may be observed 
here that when the outer helix is made of very fine wire, 
the shock is sharp and intense, with little quantity. When 
these instruments are well constructed, larger 'wire is 
therefore employed, giving greater quantity to the induced 
current. 

9. Electeo -Magnetic Appaoatus and Vtbratino 
Aauatore. Fig. 5 represents a similar electro -magnetic 
apparatus, combined with a vibrating armature. In this 



case the tJ magnet, E, when the battery current makes it 
such, draws the little armature down to itself, and thereby 
breaks the circuit between the platina point attached to 
the set screw, g, and the silver spring below it. The V 
magnet then loses its magnetism, and the armature flies 
hack to complete the circuit and renew the same motions. 
By turning the screw, s, the amount and rate of motion 
may be changed. The rapidity of vibration in this instru- 
ment ia extreme, so much so that the shocks, which are 
coincident with the vibrations, produce no separate im- 
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presaion, but only a general numbness, when it is at its 
greatest speed. The cut represents a sbpper with aa 
inner metallic sole, which serves as one terminus for the 
secondary current, while the hand grasping the handle is 
the other. If it is preferred, the stocking in this case 
may be retained upon the foot, the sole of the stocking 
being slightly wet with water to conduct the electric fluid. 
If exposure to cold is apprehended, alcohol may be sub- 
stituted, or cologne, which appears to be a better conductor. 

10. Upright Elei 
tro-Maghetio an 
VlBRATlNO ApfaR: 
Tus. Fig. 6 lepri 
senta the same a| 
paratusina difierei 
form. The doub 
helix, H, is here ve 

tical, and of difierent proportions. The wires, W, in the 
centre of the helix, may be also withdrawn vertically, 
to graduate the shock. Fig. 7. 

11. Enclosed ELECTRo-MAaui 
Vibrating Appaeaths. Fig. 7 exhi 
the same apparatus, enclosed in a b 
cylindric^ case, with rosewood top 
bottom. The vibrating armature, 
ends of the U magnet, the extremit; 
the bundle of wires, and the sc 
cups, appear above the board. ' 
rest of the_ instniment is concea 
The wires, W, may be withdiawiL, _, 
in the preceding instrument 

12. Magneto-Electeic Machine. "We pass now to 
a difierent class of instruments, the magneto- electric 
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machines, which possess some advantages over those 
previously described. In these a permanent steel mag: 



net is the source of power. In Fig. 8, S represents 
the south pole of a permanent V magnet. A repre- 
sents a U armature, of soft iron, mounted on an a.\is, so 
that it can revolve rapidly by means of the multiplying 
wheel W, before the poles of the magnet. On the legs 
of this armature are wound coils of wire, connected to- 
gether. If this wire is large the current induced is one 
of quantity ; if small, one of intensity and less quantity. 
"Whenever the legs of the amaature approach or re- 
cede from the poles of the permanent magnet, they 
acquire or lose magnetism, and according to i 6, induce 
at such time electrical currents Jn the coil of surrounding 
wire. By means of a simple apparatus at b, these cur- 
rents are broken by the revolution of the axis, and shocks 
are obtained from a secondary cnrrent by means of han- 
dles connected with the screw cups, which commu- 
nicate under the board with the ends of the coils on the 
armature. This apparatus is more expensive than those 
which precede it, and it is less easy to regulate the 
2 
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shocks. This may be done, however, by neutralizing for 
the time the power of the permanent magnet, by placing 
iron armatiiies across it, near its poles, or by passing 
the shocks through a wet string. For this latter purpose, 
attach apiece of wet cotton widcing, about six inches long, 
in [)lace of the handle, to the end of one of the wires 
conveying the shock. Into the handle which is discon- 
nected, iutrotUice a short piece of wire, and then touch 
this wire to the cotton wicking at different distances from 
the "wire to which that is attached. The shock will be 
diminished according to the amount of wet string which 
it has to pass through. The gradation of shocks is more 
extensive when a little salt is put on the wet string, at the 
end connected with the wire, the salt solution being a 
better conductor of electricity than pure water. Of 
course the other handle is held also by the patient. 
There is in tliis machine, however, no trouble with 
batteries, no chemical solutions, and no dirt It it 
always ready for use. 

13. Impkoved Magneto-Electric Machine. Fig. 9 
represents a new and more powerful, as well as com- 
pact form of this machine, the principle of which is due 
to Dr Page. In construction, however, it is a modifica- 
tion of his arrangement Here there are two magnets, 
and between them revolve two straight armatures, sur- 
rounded by coils of insulated copper wire, and associated 
on one axis. They are turned as before, by a multiplying 
wheel, and a simple mechanical contrivance breaks the 
circuit of the primary induced current by the revolution 
of the machine itself. Vivid sparks or flashes of light 
are obtained with this instrument, by breaking the circuit 
by means of a wire extending from one of the screw cups 
to the pins, which are represented on the top of the com- 
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miintcfiting wheel on the axia. With an iron ^vire 
brilliant scintillations are obtained. 



14. Cricket Improved Magneto-Electric MAniiNK. 

The same machine modified from Dr. Page's is repre- 

Fig. 10. 




Rented again in fig. 10. This, however, is differently 
mounted. The handles, H, here exhibited, are intended 
for application to the akin. At their extremity is a plated 
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disc, S, presenting considerable surface, and the shaft 
connecting it with the screw-cup, is of wood. 

15. Box lurROVED Maqmeto-Electric Machine. 
Fig. 1 1 represents the same apparatus arranged in a box 
of which the front has been removed to expose the ma- 
chine. It will be observed that the magnets of this 



machine are composed each of three simple magnets, 
while the magnets of fig. 10 are only double, and those of 
fig. 9 are qnadrnple. Tliese differences simply vary the 
power of the instrument, the magnet being in all cases the 
source of power. Tlie figure also illustrates a mode of 
application in which the current passes through the body 
of the operator, represented as standing on the left, and 
enters the patient by means of the fingers or palm of the 
operator, applied to the face or the surface. One hand of 
the operator, and one hand of the patient, grasp the han- 
dles. The same hand of the operator holding the handle, 
may be made also to turn the machine. 
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16. The (bllowing pmctical directions may be found 
of nse in case of dcmngement or other cause of failure in 
the appanitns which has now been described. With re- 
gard to the conducting wires, it is necessary that they 
should always be denuded of their cotton insulating 
covering where they screw into the cups or handles. 
They should also be screwed in tightly, so that there may 
be good metallic contact Where they happen to cross 
(me another if the wires are bare, they must not bo 
allowed to touoh, as otherwise the current would flow 
across instead of making the circuit of the instrument. If 
the electro-magnetic apparatus will not operate, see first if 
any spark is perceptible on rubbing the extremities of tho 
wires from the battery together. If not, the battery is in 
&ult This may be owing to a sediment of copper in the 
bottom of the battery, making a connection between the 
sine nnd copper, or to the zinc being somewhere in me- 
tallic contact with the copper; or it may be owing to the 
foulness of the zinc plate, or to the weakness of the cop- 
per solution, which in that case will have lost its color. 

If the battery is in action, see next if there is any 
Bpark given, when the electro -magnetic instrument is in- 
eluded in the circuit of the battery. This is done, when 
one wire from the battery is in its place, by drawing the 
other over the break-piece, as in fig. 3, or over its own 
screw-cup, making and breaking contact It may also be 
observed, if the bundle of iron wires are magnetised 
while the battery is connected with the instrument If 
there is no spark, and the wires are not magnetised, then 
the connections of the instmment, or helix of coarse 
wire, are at fkalL The solderings under the board may 
be found to be defective, or there may be some acciden- 
tal cross connection. If there is a revolving armature, 
S* 
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see that the silver springs touch the axis daring part of 
each revolution, If there is a vibrating armature, see 
that the platinum point, and the spring on which it bears, 
are bright at the place of contact. If the battery cnitent 
passes, but still there is no shock when the bundle of iron 
wires is in its place, the fine wire helix, or the solderings 
or connections under the board, are at fanlt. If the helix 
has met wiih an accident, observe if the fine wire has 
been broken, on any part of the surface of the helix. 

In the magneto electric machines, in case of difficulty, 
observe if the solderings under the board are perfect, if 
the wire connecting the coils is not interrupted, and if the 
springs bear on the poleahanger, which is on the sxia. 
These directions will be sufficient to enable the operatoor 
to obviate any slight difficulties which may occur, without 
farther trouble. 

17. It is oaly necessary, after treating of the alx>r« 
instruments, to advert to a recent form of quackery — the 
so-called galvanic rings or belts, which are contrived with 
two metals, so arranged with relation to the skin, that the 
least possible amount of galvanic electricity, if any, may 
be made to pass through that organ or .the body. Belta 
can be made on scientific principles, by which a constant 
though slight galvanic current shall pass through the 
person wearing them, but such are not of the descriptioa 
offered to the public. 

)8. Having thus distwsed of the various instruments 
which may be used in the treatment of disease, it is neces- 
sary to speak, in a general manner, of the modes and con- 
ditions of their application. For general influence on the 
system, the current may be passed conveniently through 
the body by grasping the handles in both hands. It will 
be found that the sensation is stronger in one hand than 
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the otber. This depends on the direction of the ottrrent 
The hand by which it leaves the system is most affected. 
The current flowing in the direction of the ramifications oi 
the uetves, is most fett by the patient. It may be useful 
sometimes to operate with a knowledge of the direction 
of the current, and this can, perhaps, be most easily ob- 
tained byobserving the sensation. The back of the neck 
is a great nervous centre, and as a general rule it may be 
well to allow the current to enter there and flow in the 
course of the nerves to the part of the body which maj 
be selected as the place of exit In application to the 
surface of the body, handles shoiild be used which bring 
a large flat or curved metallic surface in contact with the 
•kia, and which have a wooden shaft to insulate the cor- 
lant from the person holding it, as represented in fig. 10 
When the current enters or leaves the body from a poinl 
or small surface, the sensation to the skin is sharp and 
painfuL The handles represented in fig. S, may be used 
for passing the current through the hands, and also toler- 
Sbly well for application to the skin. The mildest form 
of application to the surface is probably by means^f a 
wet sponge, connected with the wire, in place of a handle. 
It will be found generally, when using a handle, advanta- 
geous also on this account to wet the surface to which it 
is applied. 

19. There is a good deal of difference in the kind oi 
shock which may be employed. There may be a slowj 
succession of strong shocks, or a very rapid succession ol 
weaker shocks, producing a cramping or numbing effect^ 
and occasioning strong tonic muscular contractions. — \ 
These varieties, and the various gradations between them,' 
are of course applicable to diflerent conditions of diseasei 
and will be appUed by the practitioner according to thcj 



i:.,(.;ooi^ie 



»U TRB MKBICAL APPLICATIOK 

effect which he wishes to produce. For local applicatloa, 
and in cases of excitement, the latter form, which is hest 
obtained from the vibrating armature, will probably be 
preferred ; but when the object is to rouse the system 
rrom a state of prostrati6n, the former or more violent 
method may be adopted. As a general rule, it may be 
remarked that the circulation is increased in rapidity by 
Edl the fonns of administration. 

20. The local application of Electricity has, as yet, re- 
ceived but a small part of the attention which it deserves. 
This is especially true of its use in stimulating the vital 
iction of particular organs. The writer of the present 
notice has reason to infer that an electrical cuirent, pass- 
ing along any nerve, will be found to stimulate the action 
j€ the organ which that nerve supplies. It is, however, 
impossible to pass a current ^ong a given nerve. The 
object to be obtained, therefore, is to discover empirical 
rules of application which shall act upon particular organs, 
[t has been found that the peristaltic actiMi of the intes- 
lines may be immediately stimulated, even in cases of 
paralysis, by passing the current from the back of the neck 
x> the reptum. In Braithwaite's Retrospect of Practi- 
:al Medicine, of July, 1845, is a description of the appli- 
^tion of electricity to some cases of labor. The geneml 
■ule which should be adopted seems to be to make the 
lurrent pass from the nervous centre to the surface of 
:he body, near the organ to be acted on. Thus, in the 
:ase of the liver, one handle might be applied to the 
jack of the neck, the other lo the right iliac repon. In 
leuralgia, the current should be passed along the nervo 
iSected. A case of tetanus, or lockjaw, recently occurred, 
IS we are informed, in the city of New York, in which the 
ipasm, after having continued three days, so as entirely 
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to preclude nourishmeut, was relieved in a few minute 
by passing the current throngh the neighborhood of th< 
jaw. In chorea, electricity may be employed both gen 
eraily and locally. 

Much miist still be left to the ingenuity and wisdom o 
the practilioner. This agent is placed in his hands as om 
promising much to medical acieoce, but as yet untried ii 
many of its most important applications. 
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